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PINK GARNETS ! !—Intelligence has just reached us from Mr. 
Niven that he has made a big strike of these new and wonderfull, 
beautiful Mexican Garnets. Until now we have had ten orders for 
every crystal we could get. We hope inside of a month to be able to 
fill all orders. The color is a delicate pink, the crystals good sized 
(averaging an inch in diameter) and of the rhombic dodecahedron 
form. Particulars can be better given next month. 


$500.00 OPAL.—We are assured by the owner of the mine in Aus- 
tralia from whom we secured this magnificent specimen, that it is the 
largest and finest ever discovered. The predominating color is a deep, 
rich blue and the brilliant green which plays through the blue is truly 
wonderful. 


Extra Fine Silver Minerals now in Stock. 

Mr. Niven’s present Mexican trip has been yielding us some really remark- 
able specimens. It is not unlikely that a new selenium-silygr species will be 
announced shortly. Several splendid Pyrargyrite specimens are already in 
—two at $50.00 each ; also a number of very choice Argentite-crystals, Poly- 
basite crystals, Stephanite crystals, Embolite crystals, and Iodyrite. 


Other Extra Fine Mexican Minerals Collected by Mr. Niven. 


Hyalite, the finest and largest we have yet had. 

Topaz Orystals, a few of them nearly two inches long. 

Opal-Agate, richly colored and finely banded. 

Smithsonites from New Mexico, rich blue-green and well crystallized. 
—" Cubical Yellow Wulfenite, Flos Ferri, Turquois, &c., New 

exico. 


Brochantite, Aurichalite, Chalcotrichites and Brown, barrel-shaped Vana- 
dinites from Arizona. 


Large Beryl Crystals from New Hampshire. 
Zeolites, the best we have had, from Nova Scotia. 
Microlites, a small lot from Virginia. 


Patterson, N. J., Zeolites, including extra good Datolite crystals, Prehnite, 
Heulandite in loose crystals, Quartz pseudomorphs after Pectolite, &c. 


Pyromorphites from Ems, about 70 choice specimens, the result of nine 
years careful collecting by our agent at the locality. 


Other Minerals from Germany: Pyrolusite, well-crystallized, Anglesite, 
Rhodochrosite, Géthite, Linneite, Sphalerite, Boracite—all the foregoing in 
good crystals. 


From England.—A large and fine shipment of Iridescent Pyrite on Calcite, 
Cassiterite crystals, Twin Calcites, Stark & Bigrigg Mine Calcites, Blue 
Barites, Kidney Ore, Iridescent Dolomite, Marcasite balls, Aragonite crys- 
tals, Fluorite crystals, Native Bismuth, Childrenite crystals, &c. 


Many other Important Additions, too numerous to more than mention, in- 
clude a few of the finest Vanadinites and Descloizites we have had; Calcites 
and Rich Rose Quartz from Dakota; Jade in choice polished slabs from 
New Zealand ; Tourmaline sections, polished, from Brazil, very rich in color: 
Millerites, Siderites, &c., from Antwerp, N. Y.; &c., &c. 


Williams’ “‘ Elements of Crystallography,” only $1.25 (postage 10c.) to our 
customers. 


Our 100 pp. Illustrated Catalogue, paper bound, 15c., cloth bound, 25c. 


GEO. L. ENGLISH & CO., Mineralogists, 
Removed to 733 & 735 Broadway, New York. 
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[THIRD SERIES,] 


Art. XX.—On Gold-colored Allotropic Silver; by M. 
Carey Lea. (Part I, with 3 Plates.)* 

THE object of the present paper (which may be considered 
as a continuation of that published in this Journal for June, ' 

1889) will be: 
1st. To describe the reactions of gold-colored allotropie 
silver. 

2d. To show that there exists a well characterized form of 
silver intermediate between the allotropic silver previously 
described and ordinary silver, differing in a marked way from 
both. 

8d. To prove that all the forms of energy act upon allotropic 
silver, converting it either into ordinary silver or into the 
intermediate form. Mechanical force (shearing stress) and 
high tension electricity convert it directly into ordinary silver. 

- Heat and chemical action convert it first into the intermediate 
form, then into ordinary silver. The action of light is to pro- 
duce the intermediate form only, and even the most prolonged 
action at ordinary temperatures does not carry it beyond this. 

4th. To show that there exists a remarkable parallelism 
between the action of these forms of force on allotropic silver 
and their action on the silver haloids, indicating that it is not 
improbable that in these haloids silver may exist in the allo- 
tropic condition. 


REACTIONS. 


The most characteristic reactions of gold-colored allotropic 
silver are those. with the strong acids. When normal silver 
* Numbered I, II, III, being Plates XI, XII, XTII of the volume. 
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reduced with milk sugar and alkaline hydroxide is left in con- 
tact with strong hydrochloric acid even for several hours there 
is no action, and the silver after thorough washing dissolves in 
warm dilute nitric acid without residue. With allotropic sil- 
ver similarly treated chloride is always formed. But strong 
hydrochloric acid instantly converts allotropic to ordinary sil- 
ver and consequently only a trace of chloride is produced. By 
largely diluting the acid the conversion is retarded and the 
proportion of chloride is greatly increased. Thus for example 
when ordinary hydrochloric acid is diluted with fifty times its 
volume of water and is made to act on allotropic silver, about 
one-third of the latter is converted to chloride. Probably the 
whole would be but for the simultaneous conversion to normal 
silver. This double action is very curious and strongly differ- 
entiates allotropic from ordinary silver. Even with the same 
acid diluted with a hundred times its volume of water, there is 
a gradual but complete conversion to white silver accompanied 
by the production of a not inconsiderable quantity of silver 
chloride. 

Neutral chlorides also act strongly upon allotropic silver 
even when much diluted. So sensitive is this form of silver to 
the action of chlorides that if in washing it on the filter, river 
water containing a mere trace of chlorides is by an oversight 
used instead of distilled water, a thin gray film of normal silver 
will form on the surface. 

The reactions above described were obtained with the moist 
precipitate freshly prepared. By standing for some time even 
if kept moist it appears to undergo a change. When freshly 

repared it is slightly soluble in acetic acid but after standing 

or a week or two ceases to be so. 

Sulphuric acid diluted with fifty times its volume of water 
has no action upon normal silver. When made to act upon 
allotropic silver, it quickly converts it to normal but at the 
same time dissolves a little of it. 

It is rather curious that the dry film of gold-colored allo- 
tropic silver seems to be more easily acted upon by some 
reagents than the moist precipitate. 1 have noticed for exam- 
ple that oxalic, citric and tartaric acids do not convert the 
moist precipitate to normal silver, but films on pure paper are 
gradually whitened by these acids. It is not a question of 
strength of solution, for the moist precipitate remained un- 
changed for twenty-four hours under the same solution which 
whitened the same material as a dry film. 

Ammonia seems to be without converting action but dis- 
solves a trace. It will be shown in a future paper that there 
exists a form of allotropic silver abundantly soluble in 


ammonia. 


, 
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In those reactions in which allotropic silver acts the part of 
a reducing agent, as for example with potassium ferricyanide 
and permanganate and with ferric chloride, ete., its behavior 
differs from that of ordinary silver chiefly in showing greater 
activity. The difference is rather of degree than of kind. 
The formation by these reagents of colored films will be de- 
scribed at the end of this paper. 


INTERMEDIATE Form. 


Allotropic silver presents itself in an almost endless variety 
of forms and colors, gold-colored, copper-colored, blue and 
bluish green (these last in thin films red or purple). Most of * 
these varieties seem to be capable of existing in two conditions, 
of which one is more active than the other. 

If we coat a chemically clean glass plate with a film of gold- 
colored allotropic silver, let it dry, first in the air, then for an 
hour or two in a stove at 100° C., and then heat the middle of 
the plate carefully over a spirit lamp, we shall obtain with 
sufficient heat a circle of whitish gray with a bright, lustrous, 
golden yellow ring round it, somewhat lighter and brighter 
than the portion of the plate that has not been changed by 
heat. This ring consists of what I propose to call the “ inter- 
mediate form.” 

Its properties are better seen by using a film formed on pure 
paper, one end of which is heated over a spirit lamp to a tem- 
perature just below that at which paper scorches. The change 
is sudden and passes over the heated portion of the surface like 
a flash. Examining the changed part, we find : 

1st. That it has changed from a deep gold to a bright yellow 
gold color. 

2d. When subjected to a shearing stress it does not whiten 
or change color in the slightest degree. 

3d. It is much harder, as is readily perceived in burnish- 
ing it. 

4th. It no longer shows the color reaction with potassium 
ferricyanide and ferric chloride, changing only by a slight 
deepening of color. 

Of these characteristic changes the second is the most 
remarkable. The gold-colored silver in its original condition 
changes with singular facility tc white silver: almost any 
touch, any friction, effects the conversion. If the paper on 
which a film is spread, is creased, the crease is found to be 
gray. Exposure to heat or to light destroys this capacity for 
change, and it is often lost by mere standing (even though pro- 
tected from light) for afew weeks. This evidently indicates 
some remarkable molecular change. It will be noticed that 
the anomaly lies in this, that pressure instantly effects the 
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complete change from the original form to normal silver, heat 
effects the same change but with an intermediate stage at 
which stage pressure no longer produces any action. 

The intermediate form is distinguished from normal silver 
almost solely by its bright yellow color and its higher luster. 
This last difference is very striking when a film on glass is 
heated in the manner above described. The central parts in 
changing to white silver become wholly lusterless, while the 
circle of “intermediate” retains all its original luster. Its 
continuity is still complete, so that if viewed through the glass, 


it still acts as a mirror. 
This change may be either molecular or depend on dehy- 


dration. 

The latter seems doubtful for the change can not be brought 
about by desiccation. Films on paper, on glass and also solid 
material were kept over sulphuric acid in vacuo for twelve 
days* without bringing about this modification (they were of 
course thoroughly protected from light). 

Light is also capable of effecting to some extent this change, 


as will be described farther on. 


CoprER—CoLoRED ALLOTROPIC SILVER. 


The color of allotropic silver depends to a remarkable extent 
on the amount of washing, which the freshly prepared material 
receives. With ashort washing the maid dries to a bright 
yellow gold color; with more washing to a reddish color ; with 
still more, the color is a deep rich copper shade. The wash- 
ing, when conducted in the ordinary manner, is exceedingly 
troublesome, the material soon begins to run through the filter 
and blocks it up. This trouble may be completely avoided by 
washing with a two per cent solution of Rochelle salt instead 
of pure water, until towards the end of the operation.t+ 


* A longer time was inadmissible on account of the tendency to spontaneous 
alteration. 

¢ The mode of preparing the gold and copper colored forms is as follows, the 
difference is in the length of washing only. 
In a precipitating jar are placed, 


In another vessel are placed, 


sol. ferrous sulphate (crystallized) 107 

(The substances must be added in the order above given and be mixed imme- 
diately before using. It is scarcely necessary to say that distilled water must be 
used exclusively.) As soon as the mixtures are made the iron solution is to be 
poured into the silver and vigorously stirred for some time. The white silver 
tartrate becomes almost immediately bright red, then deepens in color and finally 


becomes black. 
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Substances of a character nearly related to those that I have 
described in this and the previous paper, are obtained by 
acting on silver tartrate with stannous nitrate. The method is 
more troublesome and gives inferior results, the gold-colored 
product is less pure. A beautiful steel-blue substance obtained 
in this way was found to contain a considerable quantity of tin, 
probably present as stannic oxide, 10°87 per cent of tin corres- 
ponding to 13°80 SnO, was found by analysis. Another analy- 
sis gave 10°66 per cent corresponding to 13°61 SnO,. In the 
first case the quantity of silver found was 83°61, in the second 
84°12 percent. These results do not lead to any satisfactory 
formula. The tin is no doubt present as an impurity and as 
the iron process gave far better results, the examination was 

, not carried farther. Silver citrate gives similar results. 


ACTION OF DIFFERENT FORMS OF ENERGY ON ALLOTROPIC SILVER. 


1. Action of Electricity. 


High tension electricity instantly converts gold-colored sil- 
ver to the ordinary form. When paper covered with a film of 
gold-colored silver is held between the conductors of a Tépler- 
Holtz machine, each spark forms a gray dot of ordinary silver. 
A powerful discharge is not necessary; an inch spark from a 
small machine is effectual, even when the condensers are eut 
off. There is also a lateral action which is best seen when 
several slips of such paper are held loosely together and placed 
between the conductors. When the slips are opened a little 
the lateral branches are beautifully seen, playing through the 
silver. Their fine emerald-green color contrasts with the 
purplish shade of the spark. 

When several pieces are in this way held between the con- 
ductors together, there is a transfer of silver from one piece to 
the other, so that the back of each piece of paper is blackened 
by silver carried over from the one behind it. 

That the branching gray spots in this way formed, are nor- 
mal silver, is easily proved by immersing the piece in a dilute 
solution of potassium ferricyanide. The part acted upon by 
electricity is not affected by the reagent, while the rest of the 
film shows the coloration characteristic of allotropic silver. In 
Plate I the upper figure shows a slip of paper, at one end of 
which electricity has been transmitted, and the figure below, a 
similar slip that has been subjected to the action of the fer- 
ricyanide, showing that where electricity has passed the silver 
has become normal and is not affected by the reagent. 
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2, Action of heat. 


Allotropie silver is converted by heat to normal silver in 
either the wet or dry state. 

Dry heat.—When films of allotropic silver on glass are 
- placed in a water desiccator and are kept at 100 C. for eight or 
nine hours the central portions are converted into the interme- 
diate form, while at the edges there is a border of grayish 
white ordinary silver. In fact the change to white silver at 
the edge commences before the central part is fully converted 
to the intermediate form. 

At higher temperatures the change is much more rapid and 
better marked. At 180° C. the first effect is to darken a little: 
(this is usually the first effect of heat) this continues about tive 
minutes. Continuing the heat for ten minutes more the slight 
darkening disappears and the film has a bright pure gold color 
sometimes with a slight salmon tinge. The change to the 
intermediate form is now complete, the film burnishes yellow 
and does not react with potassium ferricyanide. It is of in- 
terest to remark that the color reaction persists as long as there 
is a trace of unconverted material, so that a film may burnish 
yellow and yet show a well-marked color reaction. This is be- 
cause most, but not all of the material has undergone conver- 
sion. 

At 200° C. the film begins in about ten minutes to show a 
white border and in half an hour or thereabouts it whitens 
completely. In these experiments the best support for the 
film is chemically clean glass. Except that for testing the 
burnishing a film on paper is needed. The paper should be 
very pure. 

Allotropic silver in the solid form heated to 180° or 190° for 
about fifteen minutes undergoes a similar change: whereas 
before it was easily pulverized, it is now almost impossible to 
reduce it to powder and the powder is yellow instead of being 
grayish black. 

Moist Heat.—A film spread on pure paper and placed in 
distilled water maintained at 99° or 100° without actually boil- 
ing, at the end of half an hour is converted almost wholly to 
the intermediate form. It burnishes pure yellow but still 
shows traces of the color reaction. 

A better plan of operating is to immerse a film spread on 
glass in distilled water and to place it in a desiccator with a 
water jacket. After keeping for twenty-four hours close to 
100° C. the film has become pure white. It is not disin- 
tegrated by the change but may be detached from the glass 
in films exactly resembling ordinary silver leaf. 

The effects of heat are shown in Plate I, lower pair of 
figures. 
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3. Action of Mechanical Force. (Shearing Stress.) 


The slightest application of force suffices to instantly convert 
gold-colored allotropic silver to normal silver. A glass rod 
with a rounded end drawn lightly over the surface of a film 
on paper, leaves a white trace behind it. The force sufficient 
to cause this change is so slight that one might doubt its reality 
were it not for the decisive proof immediately at hand. First, 
there is the characteristic change of color: the film is as yellow 
and as brilliant as gold leaf; the line drawn by the glass rod is 
of pure white silver. Immersing the film in a solution of 
potassium ferricyanide the white lines simply change to gold 
color, whilst the film surface on which they are drawn passes 
through a brilliant succession of colors. (These effects are 
represented in. Plate II, the uppermost figures.) or this use, 
freshly-made material should be employed, and the film itself 
should have been freshly spread on pure paper or card and 
used within a few hours after drying. This because of its 
easy partial passage, especially in thin films, to the intermedi- 
ate state, in which it gives a yellow streak. (See also remarks 
as to partial conversion ante.) 

When the experiment is performed under proper conditions 
the effect is very striking by reason of the instant conversion 
of the pure, deep yellow metal to perfect whiteness without a 
trace of color. 

In an earlier communication to this Journal it was mentioned 
that, having taken with me on a journey several small vials 
containing gold-colored silver, they were found at the end of 
the journey to be all converted into white silver without -hav- 
ing undergone any disaggregation, and retaining the original 
shape of the fragments. The white silver formed had the fine 
frosted white color of pure silver. This change was attributed 
to the friction of the fragments against each other, occasioned 
by the motion of the journey ; a conclusion that was confirmed 
by finding that when cotton wool was forced into the empty 
part of the vial in such a way as to prevent all internal move- 
ment, the substance could be sent over a four-fold distance 
without alteration. 

It was also observed (and this is a matter of special interest) 
that when a partial change had been effected by friction, this 
alteration went on, although the substance was left perfectly 
at rest, until it became complete. With time, all solid speci- 
mens of allotropie silver undergo this spontaneous change to 
bright white silver, apparently normal silver, even when 
thoroughly protected from light. 

Out of over twenty specimens in tightly corked tubes, 
packed in a box and left in a dark closet for a year, not one 
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escaped conversion. Spread on paper or on glass and duly pro- 
tected, the change is slower. 


4. Action of Strong Acids. 


The action of acids upon allotropic silver has been already 
described ; it remains only to add here that the conversion to 
normal silver is entirely unaccompanied by the escape of gase- 
ous matter; not a bubble can be detected by the closest obser- 
vation. 

By acting on dry films with dilute sulphuric acid it is easy 
to make the conversion gradual and so to trace its passage 
through the intermediate form. 

With sulphuric acid diluted with four times its bulk of 
water and allowed to cool, an immersion of one or two seconds 
converts a film on glass or on pure paper wholly to the inter- 
mediate form. It is then bright gold-yellow but shows no 
color with the ferricyanide reagent. With sulphuric acid 
diluted with twice its bulk of water and used while still hot, 
the action is instantaneous and the allotropic silver is converted 
into light gray normal silver. The silver obtained in this way 
is very indifferent and gives no reaction with potassium ferri- 
cyanide, whereas even ordinary silver leaf gives a pale-colored 
reaction. (See Plate II, lower pair of figures.) The same 
acid after cooling acts more slowly; the product is more yel- 
lowish, owing to the presence of a certain quantity of the 
intermediate form. 


5. Action of Light. 


When allotropic silver is spread as a thin film on glass or on 
pure paper it may be preserved for a length of time apparently 
unchanged. This appearance is deceptive. From the moment 
that the film is formed a slow but steady change commences 
which can be best explained by supposing that a gradual poly- 
merization takes place. Even after eight or ten hours’ ex- 
posure to ordinary diffuse light a distinct loss of activity can 
be detected by careful testing with potassium ferricyanide. 
The change which occurs is in the nature of a tendency to a 
very gradual passage into what I have called the intermediate 
form in which the gold-yellow color remains unchanged while 
the chemical activity is lost or much diminished. Although a 
commencement of this change can be detected in a few hours, 
it goes on very slowly. By exposure to one or two days of 
summer sunshine (a much longer time is required in winter), 
the change is nearly complete. The exposed portions are 
lighter and brighter, and in solution of ferricyanide they color 
very slowly. 
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The question naturally arose whether light by a sufficiently 
long continued exposure could complete the change and con- 
vert allotropic to ordinary white silver. To obtain a decisive 
answer the following experiment was made: 

At a window having a southeastern exposure and unob- 
structed light there were placed films on glass and on pure 
paper. Some of these were placed in a printing frame under 
un opaque design. The others stood side by side with the first 
but uncovered. The exposure was continued for four months 
from the end of January to the end of May. At the expira- 
tion of this time the uncovered paper and glass films were still 
bright yellow. But of those in the printing frame the exposed 
portions had become nearly white, while the protected parts 
retained their full deep gold color. It may at first seem strange 
that the uncovered pieces were less aflected than those exposed 
in the frame. But this difference was always observed, namely, 
that if two films were exposed side by side, the one in a print- 
ing frame under glass, the other simply fastened to a board, 
the last mentioned was always the less affected. The explana- 
tion of this seeming anomaly lies in the fact that allotropic 
silver is always much more easily affected by heat than by 
light. The glass in the printing frame by exposure to sunlight 
becomes hot to the touch, and thus the film under it is kept at 
a temperature many degrees higher than that of the other film 
that is freely exposed to the air; the higher temperature aids 
the effect of the light.* 

It appears, therefore, that the agency of light is somewhat 
similar to that of the other forms of energy but very much 
slower. Experiments made for the purpose demonstrated that 
it is the more refrangible rays that effect the change. 

With light, the production of the intermediate form is never 
very satisfactory. Long exposures are needed, and before the 
change to the intermediate form is complete, the further alter- 
ation to white seems to commence. With heat the changes are 
much better marked. 

When a film on pure paper has received an exposure of one 
or two days of summer sunshine under an opaque design, the 
exposed portions are sufficiently changed to have lost much of 
their chemical activity, so that when the film is plunged into a 
bath of potassium ferricyanide, the effect given in the lower 
figure of Plate III is obtained. The color represented is one 
of an immense variety of tints produced by this reagent on the 


* Since this was written I find that both Herschel and Hunt noticed an analc- 
gous fact in the case of silver chloride, viz: that paper prepared with it darkens 
more rapidly under glass than when freely exposed; without, however, suggest- 
ing the cause, whieh is the same in both cases. I have observed that silver 
chloride darkens more rapidly when exposed under warm water than under cold 
to the same light in vessels side by side. 
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unaltered or active form. The upper figure of the same plate 
gives the effect of a very protracted exposure (as above de- 
scribed) on pure paper (or glass) under glass. With some 
kinds of sized paper, this effect is produced by a much shorter 
exposure; apparently owing to the presence of traces of a 
hyposulphite;* which appears to aid the action of light. 


These seem to be not merely new facts but to belong to a 
new class of facts. No instance has been hitherto known of 
an element existing in so great a variety of forms and passing 
so readily under the influence of any form of energy from one 
to another of them. 

It is evident that a connection must almost certainly exist 
between these varied transformations and the changes which 
many silver salts undergo through the action of light and other 
forces. This connection will form the subject of the second 
part of this paper. The present part will be concluded by a 
somewhat fuller description of the color reaction which is espe- 
cially characteristic of allotropic silver. 


Tue Cotor REAcTION. 


When allotropic silver is immersed in a solution of a sub- 
stance readily parting with oxygen or sulphur or with a halo- 
gen, a film is formed which exhibits the colors of thin plates. 
Such phenomena are familiar and are seen in the blueing or 
yellowing of steel in tempering and the coloring of other metals 
when covered with films of oxide or sulphide. With allo- 
tropic silver the colors are very brilliant, probably because 
silver is the best of all reflectors for rays having a nearly per- 
. incidence, sending back about 90 per cent of such. 

ight gold colored silver gives the most’ brilliant effects. 

The substances which produce these reactions are potassium 
ferricyanide and permanganate, ferric and mercuric chlorides, 
alkaline hypochlorites and sulphides, mixtures of potassium 
bichromate with hydrochloric or hydrobromic acid, solution of 
iodine, ete. 

Potassium ferricyanide in a five or ten per cent solution is 
the best of these reagents because its action is more distinctive. 


* The behavior of these varieties of paper led me to make inquiries of an intel- 
ligent paper manufacturer from whom I learned that every sort of paper pulp is 
now treated with chlorine. As any portion of the bleaching material left in 
the paper would eventually destroy its strength, it becomes necessary te add 
hyposulphite in excess to remove it. Accordingly every specimen of sized paper 
that I have examined contained hyposulphite, even the purest photographic 
papers were not free from it, though containing greatly less than most others. 
Apparently, the only difference is that with photographic paper more care is 
taken to avoid any considerable excess of hyposulphite. 
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In particular the blues which it gives are of great purity and 
the purples very rich. Ferric chloride gives beautiful tints, es- 
pecially a peculiar glittering rose color. It must be very much 
diluted, until the solution loses its yellow color and takes a 
straw shade. It often happens that the characteristic color 
does not appear whilst the film is in the solution but a bronze 
shade only, the permanent color appearing only after the film 
has been dipped into water and blotted off. Potassium per- 
manganate also gives rise to a beautiful succession of colors 
on allotropie silver but is somewhat uncertain in its action. 

A ferricyanide is therefore the best reagent. As to the 
substance constituting the film which is formed, it is difficult 
to say whether it is silver suboxide or ferrocyanide. When 
potassium ferricyanide is allowed to act on moist allotropic 
silver suspended in it, and the action of the ferricyanide is 
carried to its limit, the silver is entirely converted into a 
yellowish white powder, consisting almost wholly of silver 
ferrocyanide mixed with a little silver ferricyanide. 

Of the many varieties of ordinary silver which exist allo- 
tropic silver is convertible into two only. The high tension 
spark, heat, and acids convert it to dull gray silver: on this 
variety potassiuin ferricyanide has no action whatever, as will 
be seen by an inspection of the plates. Light under glass and 
pressure each convert allotropic to bright white silver, and on 
this form potassium ferricyanide acts slightly, converting the 
silver color to gold. It is needless to say that this gold eolor 
has nothing to do with allotropic silver: it seems to be pro- 
duced in the following way. 

When potassium ferricyanide acts on films of allotropic 
silver, its first effect is to deepen the gold color to a gold 
brown, passing rapidly on to other shades. The action on the 
bright white silver is very slight and apparently just reaches 
this gold stage, which corresponds to an air film having a 
thickness of from 0°000150"" to 0:000160™". 

The succession of colors obtained on allotropic silver with 
potassium ferricyanide is as follows: 


First Order. 


Russet brown. 
Brown red. 


Second Order. 


Rich and deep purple. 
Dark blue. 

Bright blue. 

Pale blue. 

Green russet. 


Red. 
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Third Order. 


Reddish purple. 
Bluish purple. 
Rich green. 


The fourth order is not reached, for after this the colors 
become much mixed, probably the action is no longer suft- 
ciently uniform. The other differences, beside the absence of 
the fourth order, as will have been observed, are that in place 
of the yellow of the second order corresponding to a thickness 
of air of 0°000432™", there is a green though of a more russet 
shade than that of the third order. 

In the third order there is at no time a pure blue corres- 
ponding to 0:000602, but only a succession of beautiful red and 
blue purples, gua passing into green. 

There are few more beautiful experiments than to watch 
these changes. Purity of color, however, depends much on 
the purity of the paper employed. Want of this purity will 
often cut short the changes at the pale blue of the second 
order. 

I have endeavored to give some idea of these colors in the 
Plates which accompany this paper, but it has proved to be a 
most difficult task. The colors represented are, 

Plate I, purple and blue of the 2d order. 

Plate II, purple of the 2d order and green of the 3d order. 

Plate III, brown red of the 1st order. 

It has not, however, been found possible to correctly repro- 
duce the brilliancy and depth of color of the originals. 


Philadelphia, Jan. 24, 1891. 
(To be continued.) 


EXPLANATION OF THE PLATES. 


In each pair of figures the upper one represents the effect of exposing allo- 
tropic silver to some form of energy. The changes are in all cases similar in 
character. 

In the lower of each pair of figures the effect is represented which would be 
produced by immersing the upper one in a solution of potassium ferricyanide. 
This affords proof of the completeness of the change by showing that gold-colored 
silver in passing into the ordinary form has lost its power of reacting with a 
ferricyanide. In these lower figures an attempt has been made to show some of 
the colors produced in this way. But they fall far short of the originals in bril- 
liancy and intensity. These last are so remarkable that the lithographer who 
executed the work remarked that even an artist with a brush and palette of 
colors could not imitate them, and that therefore it was hopeless to expect to 
reproduce them by lithography—in other respects the Plates represent fairly well 
the changes that take place. 
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PLATE IT 


Effect of Mechanical Force. 


Effect of Chemical Action. 
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PLATE 


Effect of Light 
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Art. XXI—The Flora of the Great Falls Coal Field, 
Montana; by J. S. Newserry. (With Plate XIV.) 


In the School of Mines Quarterly for 1887, I published a 
brief description of the coal basin which underlies the country 
about the Great Falls of the Missouri in Montana, and I am 
now able to add some facts of more than usual geological in- 
terest to those before known in regard to this coal field. 

The Great Falls coal basin lies on the north slope of the 
Belt and Highwood Mountains; the strata all dipping toward 
the north, These mountains are subordinate folds of the 
Rocky Mountain system and are each composed of a granitic 
Archean nucleus, locally overlain by a great thickness of 
Cambrian rocks which are best seen about Sulphur Springs. 
This formation must be at least 10,000 feet in thickness, and it 
underlies the surface from a point fifteen miles north of Sul- 
phur Springs to near Townsend on the south. Splendid ex- 
posures of the same group are seen in Prickly Pear Cafion 
on the road from Helena to Great Falls. They consist of 
numerous alternations of thin bands of fine grained sandstone 
and argillaceous shale, generally metamorphosed into quartzite 
and slate. Near Sulphur Springs is an outcrop of limestone 
converted into marble. The prevailing color of the rocks of 
this group is gray at the surface, darker below. No distinct 
fossils were found in the slate though particles of carbonaceous 
matter abound everywhere. A shaly sandstone which appar- 
ently overlies all the series described is largely made up of 
Primordial trilobites. 

On the summit and the north slope of the Belt mountains 
the Archeean granite nucleus is overlain by Potsdam sandstone 
full of Scolithus and casts of sea-weeds. There are here nu- 
merous large dykes of rhyolite which cut the granite and sand- 
stone. 

Succeeding the Potsdam sandstone is a great mass of Paleo- 
zoic limestone, sometimes blue, but mainly of a cream color, 
which has been cut by the streams draining northward into 
most picturesque cafions and valleys of which the sides are set 
with buttes imitating castles, fortresses, churches, etc., combin- 
ing to form scenery equally attractive to the tourist and geolo- 
gist. In the limestones are found both Silurian and Carbonif- 
erous fossils. North of the mountains the limestones are 
unconformably overlain by a series of sandstones, shales and 
fresh water limestones which include one large and several 
smaller seams of coal. These dip toward the north and are 
soon covered with a great and continuous sheet of glacial drift 
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that for the most part conceals the coal-bearing rocks and ob- 
scures the extent and outlines of the basin. The Missouri River 
has cut through the drift and exposed for many miles a series 
of pinkish sandstones which form the falls. 

The age of this Great Falls coal basin was for a long time in 
doubt. Dr. Hayden first visited the locality, but found no 
fossils, and his experience was repeated by Dr. C. A. White 
and myself; although the exposures are ample on Sand Coulée 
and Belt Creek where the main coal has been extensively mined 
for years. Casts of stems and branches of trees are abundant 
in the sandstones, and the miners reported the occurrence of 
impressions of ferns in the shales over the coal, but after the 
most careful and thorough search nothing of the kind was 
found. The coal itself is of fairly good quality, the thicker 
seam consisting of several benches, of which the lower one, 
two and a half feet in thickness, makes a very good coke, and 
the whole will furnish an excellent steam coal for locomotives or 
stationary engines, will serve well as a household fuel, and is 
destined to be of great economic importance to the people who 
shall congregate in this prairie region. 

Subsequent to my return from Great Falls, Mr. J. J. Hill, 
the president of the Chicago, St. Paul and Manitoba Railroad, 
in whose interests I made an examination of the coal basin, 
sent to me a slab of sandstone covered with Unios. This, as 
was to be expected, proved the fresh water character of the 
deposits, but the impressions were too ill defined to permit ac- 
curate, specific determination, and therefore threw no light 
upon their age. When the railroad along the north side of the 
Missouri, constructed with such unexampled rapidity by Mr. 
Hill, reached Great Falls, a cutting near the town passed 
through shales in which were numerous lenticular nodules of 
iron ore. Each of these contained a fern frond, a cyead leaf 
or a twig of aconifer. Some of them were collected by Mr. R. 
S. Williams of Great Falls, by whom they were sent to Pro- 
fessor Dana at New Haven. He submitted them to me for ex- 
amination and I found that without exception they were species 
that had been described by Sir William Dawson from his 
Kootanie group [Lower Cretaceous] of Canada, or by Professor 
Heer irom the Kome group of Greenland. These included 
Sequoia Smittiana Heer; 8. gracilis Heer; Zamites acuti- 
pennis Heer; Z. Montana Dawson, ete. More recently Mr. 
Williams has sent to me a larger collection of fossil plants con- 
sisting mostly of ferns, from a different stratum in the Great 
Falls group. On opening the box I thought I identified a 
number of these with species described by Professor W. M. 
Fontaine from the Potomac group in Maryland and Virginia. 
But that there might be no mistake on a subject of such geo- 
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logical importance, I forwarded specimens of each species to 
Professor Fontaine asking that he would compare them with his 
Potomac fossils and decide upon their identity or difference. 
His letter in reply is so interesting that I herewith append a 
copy of it. 


University oF Virernta, Oct. 15, 1890. 
Dr. J. 8S. NewBErry— 

Dear Sir:—I have examined the plant fossils that you ob- 
tained from Great Falls, Montana, and sent to me for comparison 
with the fossils of the Potomac formation. 

I find them to be as follows: 

Thyrsopteris rarinervis F. 
. A plant near to Podozamites distantinervis F. 
. Cladophlebis parva F. 
. Sequoia Reichenbachi H. 
. Pecopteris Browniana F. 
. Aspidium Fredericksburgense F. 
. Sphenolepidium Virginicum F. 
. A plant allied to Thyrsopteris brevifolia F. 
. A plant near to Cladophiebis distans F. 
. Thyrsopteris insignis F. 
. Carpolithus Virginiensis F. 
. A plant near to Cycadiospermum rotundatum F. 
. Pecopteris microdonta ¥. 
. Thyrsopteris brevipennis F. 

15. A plant near Cladophlebis constricta F. 

The above named identities and resemblances are found on 
comparing the plants sent, with fossils of the Potomac formation 
described in Monograph XV of the publications of the U. 8. Ge- 
ological Survey. 

The forms that I enumerate as “near” to named Potomac fos- 
sils, I hesitate to identify with them on account of the small 
amount or poor preservation of the material in hand available for 
comparison. 

It should be stated that No. 9, which in foliage shows a facies 
like Cladophlebis distans has a fructification like that of some 
Aspidia and if identical with the Potomac plant this fact wonld 
remove it from the genus Cladophlebis. 


Yours truly, W. M. Fontaine. 


OM 


The above identifications prove conclusively the general 
identity of the geological horizons of the Potomac group, the 
Great Falls group, the Kootanie group of Canada and the 
Kome group of Greenland, and confirm the view advocated by 
Professor Fontaine and myself that the Potomac group is 
Lower Cretaceous and not Jurassic. 

Professor L. F. Ward in his review of the Potomac flora, 
(this Journal,) leaves the question of the age of the Potomac 


- 
Ne 


194 J. S. Newberry—Flora df the Great Falls Coal Field. 


roup in doubt, but his opinion seems rather to incline toa 

urassic date. Professor O. C. Marsh considers the Potomac 
group Upper Jurassic, because he has obtained from it a num- 
ber of reptilian remains of decided Jurassic affinities, but he 
tells me there are no species which he can identify with those 
of the Jurassic system, and we have been hitherto with little 
or no information about the vertebrate fauna of the Lower 
Cretaceous rocks of North America; so we need not be sur- 
prised to find it exhibiting marked Jurassic affinities. As 
pointed out by Professor Marsh the low grade and Mesozoic 
character of the mammalian fauna of the upper member of the 
Cretaceous system, the Laramie, would without other evidence 
lead to the conclusion that it was much older than it really is, 

Professor Fontaine makes the Potomac group about the geo- 
logical equivalent of the Wealden of Europe, but for the rea- 
son that it contains eighty known species of angiosperms out 
of a total number of three hundred and seventy-five, I am in- 
clined to regard it as newer rather than older than the Weal- 
den. The fossil plants of the Jurassic have been collected in 
large numbers and in many countries, but nowhere has a dico- 
tyledonous plant been found in that formation, nor has an an- 
giosperm been discovered in the Wealden of England or on 
the continent of Europe. The plants of the Wealden have 
been fully described by Dunker, Schenk and others, but all the 
species known are cycads, conifers or ferns. I recently had an 
opportunity, through the kindness of M. Dollo, of examining 
the plants found with the Iguanodons at Lernissart, and among 
them all there was not a trace of an angiosperm. This does 
not absolutely prove that the Potomac group is of more modern 
date than the Wealden, because the progress of plant life has 
been, as we know, somewhat unlike in different parts of the 
world, and the angiosperms may have begun their existence on 
the North American continent sooner than elsewhere, but it 
seems hardly possible that eighty or more species of arborescent 
angiosperms should have flourished on this continent before 
they had put in an appearance in the vegetation of the Old 
World. e may at least say that Professor Fontaine is fully 
justified in his conclusion that the Potomac is not older than 
the Wealden. 

The relations of the Potomac to the Amboy flora are of 
special interest ; the two formations are consecutive members 
of the Cretaceous system and the “ variegated marls” of Fon- 
taine or the “alternate sands and clays” of Uhler may be 
regarded as the southern extension of the Amboy clay group. 
Yet a long interval of time must have separated the epochs of 
the two formations, since the floras are so entirely different. 
Only a beginning has yet been made in the exploration of the 
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flora of the Amboy clays and yet we have obtained from them 
more than one hundred and fifty species. Probably when as 
much time shall have been given to the collection of plants 
from the Amboy clays as has been devoted to the collection of 
Potomac plants, the number of species will be as large, and 
better comparisons can then be made between the two floras, 
but it is evident that they are widely different. From the 
Amboy clays we have now taken about one hundred and fifty 
species of plants; of these more than one hundred, or a large 
majority, are angiosperms, whereas of three hundred and sev- 
enty-five species taken from the Potomac group only eighty 
are dicotyledonous. Besides this, it is doubtful whether any 
species yet found is common to the two formations. 

The flora of the Amboy clays is most nearly allied to that of 
the Dakota group in the far west and the Atane group of 
Greenland, while one or two species are apparently identical 
with some taken from the Kome or Lower Cretaceous group. 
We may therefore fix the horizon of the Amboy clays with 
absolute certainty at Middle Cretaceous. With equal certainty 
we can assert that the Potomac, the Kootanie and the Kome 
groups represent perhaps distinct but closely related epochs of 
the Neocomian or Lower Cretaceous of the Old World. 

As these determinations have for the most part been made 
from fossil plants, we must wait for the discovery of plants in 
the Cretaceous beds of Queen Charlotte’s Island and the Shasta 
group of California before we can accurately correlate them 
with the Lower Cretaceous strata of Central North America. 
For this region the history of the Cretaceous age can already 
be written with a good degree of fullness and its more impor- 
tant incidents are as follows. 

During the first half of the Cretaceous age the greater part of 
the continent of North America was out of water and there- 
fore suffering erosion and receiving no deposition. During 
this interval a broad, circumscribed and almost inland sea oceu- 
pied the place of the Gulf of Mexico, and the adjoining shores 
of South America, Mexico and Texas. In this sea marine depos- 
its were forming which are the equivalents of the Lower 
Greensand or Neocomian. In time they attained in Chihuahua 
a thickness of not less than 4,000 feet and represent at least 
one-half of the Cretaceous age. During this time the area of 
the plains was out of water and toward the north bore on its 
surface lakes and marshes where the Great Falls and Kootanie 
groups were deposited. Beds of coal of considerable thick- 
ness and now of great importance were formed in these 
marshes. Up to the present time we have gathered thirty or 
forty species of the plants which from their debris formed the 
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peat that has now become coal. So far we have found among 
the remains of these plants not a single dicotyledonous leaf, 
but judging from the flora of the Potomac group and that of 
the Kome beds which have so many species in common with 
the Kootanie and Great Falls deposits, we may expect in the 
future to find a few angiosperms, the remains of the pioneers 
and advanced guard of the great army which here mingled 
with the cycads and conifers, and soon, through some inseruta- 
ble influence, mostly superseded them. 

After the Kootanie epoch the eastern half of the North 
American continent was depressed and the sea gradually rose 
upon it, moving inwards, spreading a sheet of sea beach as far 
as it extended [the Dakota sandstone] and ultimately covering 
with 2,000 feet or more of marine sediments [the Colorado 

roup] all the great depressed area lying between the Cumber- 
coal and Canadian highlands and the Wasatch. 

The third great period of the Cretaceous age was the gradual 
emergence of this portion of the continent from the sea and 
the formation of the Laramie group with its great series of 
coal beds, its abundant land flora and its horned Dinosaurs. 
This closes the history of the Cretaceous age in North America. 

The record which we have of the plant life of the continent 
during this long and varied interval is of special interest be- 
cause we can reproduce the topography of the continent and 
in imagination clothe all its highlands with the successive 
phases of vegetation which we have disinterred in such abun- 
dance from the lacustrine and estuary deposits of its different 
epochs. The first Cretaceous forests were composed chiefly of 
cycads and conifers, showing great variety, because this was a 
part of their golden age. With these were numerous ferns 
more nearly allied to those of the present day than those of 
the Trias or Jura, several of the genera, as Gleichenia, Asple- 
nium and Aspidium, continuing to the present day. This 
was the Kootanie epoch or that of the Great Falls coal basin, 
perhaps synchronous with, but more likely a little anterior to 
the Potomac epoch, in as much as we have found no angio- 
sperms in the Kootanie flora. 

Then came the Potomac group with a wonderful variety of 
conifers and cycads and with about one-fourth of its species 
angiosperms. Later still the epoch of the Amboy clays and 
Dakota sandstones when two-thirds to three-fourths of the 
species were angiosperms, but no palms had yet appeared. 

Finally came the Laramie epoch, when the cyeads and coni- 
fers constituted not more than one-tenth of the flora and the 
botanical aspects of the vegetation were essentially those of to- 
day, only palms were numerous as far north as the Canadian 
line, and the temperature was a little higher than at present. 
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List of Potomac species occurring elsewhere. 


Equisetum Lyelli Mant., Wealden, Germany. 
Pecopteris socialis*? Heer, Atane, Greenland. 
Pecopteris Browniana Dunk., Wealden, Germany. 
Sphenopteris Mantelli Brongn., Wealden, Germany. 
Aspidium Oecerstedi*? Heer, Atane, Greenland. 
Aspidium Dunkeri Schimp., Wealden, Germany. 
Gleichenia Nordenskioldi Heer, Kome, Greenland. 
Dioonites Buchianus Schimp., Wealden, Germany. 
Sequoia Reichenbachi Heer, Cretaceous [general]. 
Sequoia subulata Heer, Kome, Greenland. 

Sequoia ambigua Heer, Kome, Greenland. 

Sequoia rigida Heer, Kome, Greenland. 
Sphenolepidium Kurrianum Heer, Wealden, Germany. 
Sphenolepidium Sternbergianum Heer, Wealden, Germany. 


Potomac Plants in Great Falls Group. 


Sphenolepidium Virginicum F. 
Carpolithus Virginiensis F. 
Thyrsopteris rarinervis F. 
Aspidium Fredericksburgense F. 
Thyrsopteris insignis F. 
Thyrsopteris brevipennis F. 
Sequoia Reichenbachi Heer. 
Pecopteris Browniana Dunk. 
Cladophlebis distans F. 
Pecopteris microdonta F. 

Thyrsopteris brevifolia F, 
Cladophlebis parva F. 
Cladophlebis constricta F. 


Great Falls Plants in Kootanie Group, Canada. 


Sequoia Smittiana Heer. 
Zamites Montana Dawson. 
Zamites acutipennis, Heer. 


Great Falls Plants in Kome Group, Greenland. 
Sequoia Smittiana Heer. 

Oleandra arctica Heer. 

Zamites acutipennis Heer. 

Zamites borealis Heer. 

Sequoia Reichenbachi Heer. 

Sequoia gracilis Heer. 


* The materials on which Prof. Fontaine based the identification of these spe- 
cies are insufficient for satisfactory comparison; and while it is not impossible 
that the life of one or more species may have stretched over all the interval be- 
tween the beginning and end of the Cretaceous age, stronger evidence of this fact | 
than any we yet have must be furnished before we can consider it as established. i 
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Since the above notes were written I have received, through 
the kindness of Mr. Williams, another collection of fossil plants 
from Great Falls. With several species before mentioned, it 
includes some which seem to be new, and of which brief de- 
scriptions are given below. 
Chiropteris Williamsii, n. sp. 
Fi, RAV, fg: 20, 

Fronds orbicular, oblong or lobed, two to four inches in diam- 
eter; petiolate, margins entire, nervation radiate, dichotomously 
forked and somewhat reticulated. 

Of this remarkable fern I have many specimens, but none quite 
complete. At first sight they suggest the fronds of Doleropteris 
of the Coal Measures, but in that genus the nerves are fasciculate 
and divide by separation of the bundles and not by forking, and 
they never anastomose. In some specimens of the plant before 
us the nerves are buried in the parenchyma, showing that the con- 
sistence was thick and leathery; in others, perhaps more macer- 
ated, the nerves appear very distinct and rather coarse. A single 
small specimen shows a distinct stipe at the base. 

This plant I have included in the genus Chiropteris with much 
hesitation, for it differs from the type species in having an orbicu- 
lar or elliptical frond which is generally simple, though some- 
times lobed, while in C. Hurriana, the type, the frond is flabel- 
late and deeply lobed, almost palmate, thus approaching Sagenop- 
teris, but in that genus the frond is distinctly palmate, the divis- 
ions being lanceolate, though springing from a common base. 
The nervation too of Sagenopteris is much more closely reticu- 
lated. In these respects the two genera would seem to be distinct. 
The nervation.of our plant is essentially that of Chiropteris, the 
nerve branches anastomosing only at rare intervals, the meshes 
being many times longer than broad. 

In the original notice of Chiropteris, by Dr. H. G. Bronn (Jahr- 
buch fiir Mineralogie, 1858), the fronds are represented as radiat- 
ing in a whorl from a common base, and the nerves are neither 
figured nor described as inosculating, but Schimper in his Pale- 
ontologie Vegetale, (Vol. I, p. 643, Pl. XLII) describes and fig- 
ures the frond of C. Kurriana, as flabellate, digitately-incised, 
the nerves frequently forked and anastomosing to form narrow 
meshes. This description corresponds closely with some speci- 
mens of our plant, and while it is specifically distinct I do not feel 
justified, without more material, in separating it from the genus 

Chiropteris. Possibly facts will hereafter come to light which 
will require this to be set apart as the type of a new genus. 

The horizon of the type specimen of Chiropteris is the upper 
Trias or Rhaetic. In the Jurassic rocks the genus has not been 
recognized, but its place has been taken by the allied Sagenopteris. 
Prof. Fontaine, in Monograph XV, U. 8. Geological Survey, de- 
scribes several species of Sagenopteris, but in these the form was 

very different and the nervation much more closely reticulated. 
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Formation and locality, Kootanie group, Great Falls, Montana. 
Collected by Mr. R. 8. Williams and dedicated to him. 


Chiropteris spatulata, n. sp. 
Pl. XIV, figs. 1, 2. 


Pinnules 14-2 inches long, spatulate in outline, midrib strong, 
lateral nerves well defined, coarsely reticulated. 

The plants to which I have given the above name have precisely 
the nervation of the large rounded or lobate leaves, figured on the 
same plate and named Chiropteris Williamsii; and I have there- 
fore provisionally placed them together. The form of both spe- 
cies is so different from that of the typical Chiropteris, that I have 
included them in that genus with much hesitation. The nervation 
is however so peculiar and so much alike in these two ferns, that 
while waiting for more material that shall permit a new genus to 
be defined upon them, I have concluded to group them together 
and under the old name. 

Formation and locality, Kootanie group, Great Falls, Montana. 

Collected by Mr. R. S. Williams. 


Zamites apertus, sp. 
; Pl. XIV, fig. 4, 5. 
Fronds several inches in length by about one inch in width, 


pinnules leaving the rachis at nearly a right angle, linear, obtuse, 
somewhat widely separated ; nerves invisible, sunk in the paren- 
chyma. 

This is a small species having the general aspect of Zamites 
arctica, Geepp (Flora Arctica, vol. iii, p. 67, Pl. XV, figs. 1, 2), 
but is much more open in structure, the pinnules being separated 
by spaces sometimes as wide as themselves. 

Formation and locality, Kootanie group, Great Falls of the 
Missouri, Montana. 

Collected by R. 8. Williams. 


Baiera brevifolia, n. sp. 
Pl. XTV, fig. 3. 

Leaves flabellate, long petioled, one inch in width by one-half 
to three-quarters of an inch in length, deeply lobed; lobes trun- 
cate, sometimes undulate and slightly contracted at the summit. 

This species has much the aspect of B. pluripartita, Schimper 
(Paleontologie vegetale, vol. i, p. 423, Pl. XXXI, fig. 12,) 
(Schenk, Flora Nordwestdeutschen Wealdenformation, p. 10, PI. 
III, figs. 1-8), but is much smaller. Possibly, however, it is 
merely a depauperate form or smaller variety of that species. 
Further material will be required for deciding this question. 
However, the specimens which we have are not half the size of 
those figured by Schimper, Schenk, Dunker and Brongniart. The 
specimens of B. pluripartita (Cyclopteris digitata, Dunker) are 
all from the Wealden of different localities in Europe. 
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Formation and locality, Kootanie group, Great Falls of the 
Missouri, Montana. 
Collected by R. S. Williams. 


Cladophlebis angustifolia, un. sp. 
Pl. XIV, fig. 8. 

Pinnz several inches in length by one inch in maximum width; 
pinnules ten to twelve mm. in length by three mm. in width at 
base, distinctly separated, attached to the entire base, curved or 
falcate in form, subacute or obtuse at summit; nervation open, 
strong. 

This plant resembles C. falcata Fontaine (Monog. XV, p. 72, 
Pl. V, figs. 1-6), but the pinnules are smaller, narrower and less 
acute. 

Formation and locality, Kootanie group, Great Falls of the 
Missouri, Montana. 

Collected by R. 8. Williams. 


Sequoia ucutifolia, un. sp. 

Leaves crowded, from one-quarter to one-half an inch in length, 
wedge-shaped, rounded or abruptly contracted at the base, sum- 
mit long pointed, very acute. 

Only one twig of this tree is contained in the collection, but its 
leaves are so peculiar that I feel quite justified in considering it 
a new species. Its most striking feature is the wedge-shaped 
outline of the leaves which are broadest near the base and are 
drawn out in a long and very acute point. In the Cretaceous 
rocks of Vancouver’s Island occur twigs of a species of Sequoia 
to which I have given the name of Sequoia cuneata because they 
are so decidedly wedge-shaped, but in that species the leaves are 
spatulate, broadest near the rounded summit and terminate below 
in a wedge-shaped base. In the species now under consideration 
the leaves have quite an opposite form; being broadest at or 
near the base and terminating above in a long drawn acute point. 

Among all the living and fossil species of Seguoia there is no 
other known to me that has leaves of this peculiar form. 

Formation and locality, Kootanie group, Great Falls, Montana. 

Collected by Mr. R. S. Williams. 


Podozamites nervosa, 0. sp. 
Pl. XIV, fig. 6. 

Leaflets, four inches in length, lanceolate, broadest toward the 
base, subacute at the summit; nerves parallel, distant, strong. 

This is a leaflet of a frond of a strong-growing species of zamites 
similar to Heer’s B. marginatus, but differing from that in its 
much more remote parallel and distinct nerves. Only one speci- 
men has been as yet received from Mr. Williams, and more will 
be needed before we can define the range of variation in the 
pinnules. 
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Oleandra arctica Heer. 


Pl. XIV, fig. 9. 

The specimen figured agrees in all essential characters with 
Heer’s plant from the Kome group, Greenland, described in vol. 
iii of his Flora Arctica. A much larger and finer specimen has 
been sent to me by Mr. Williams, but the figure now given will 
permit the identification of the plant wherever found. This is 
interesting as another connecting link between the flora of the 
Great Falls group, and that of the Lower Cretaceous of Green- 
land. 


Art. XXII.—High Level Shores in the region of the Great 
Lakes, and their Deformation ; by J. W. SPENCER. 


CERTAIN of the deserted shores about the Great Lakes 
have been already described in the author’s papers on the 
Iroquois and Algonquin Beaches.* The Iroquois Beach is 
confined to the Ontario basin, and the Algonquin Beach still 
defines the deserted shores of the lake which embraced Georgian 
Bay and Lakes Huron, Michigan and Superior during the episode 
when they formed one expanded sheet of water. But above 
these beaches there are others not confined to any of the exist- 
ing basins, but at elevations which required all of the lakes to 
have been united into one sheet of water. This sheet, whose 
dimensions have only in part been surveyed, [ named Warren 
Water.t As the southern and southwestern shores have been 
surveyed for a length of eight or nine hundred miles, and 
several hundred miles of the coast line about the former large 
island, now represented by a part of the Province of Ontario, 
are known, the work seems to justify this publication without 
further delay (see map, p. 202). 

In the investigation of the high beaches, I acknowledge 
with great pleasure the assistance of Prof. W. W. Clendenin 
and Prof. W. J. Spilman, who accompanied me in the re- 
searches. Respecting the beaches upon the Canadian side of 
the lake, no other systematic exploration has been made. 
Four or five years ago, some of our friends put ice dams, 
where beaches are well developed, to hold up the waters whose 
waves built up the beaches upon the southern side of Lake 
Erie. In Michigan, the record was nearly as meagre, although 


* The Iroquois Beach: A chapter in the Geological History of Lake Ontario. 
Trans. Roy. Soc. Can., p. 121, 1889. Deformation of the Iroquois Beach and 
Birth of Lake Ontario. This Journal, vol. xl, p. 443, 1890, Deformation of 
the Algonquin Beach and Birth of Lake Huron. ibid., vol. xli, p. 12, 1891. 

+ See Notice of Iroquois Beach, Science, vol. xi, p. 49, Jan. 27, 1888, 
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some of the beaches had been used as roads since the days of 
Indian habitation. But in Ohio, more or less work had been 
done, which will be referred to in its proper place. Upon 
both sides of the St. Clair River, a succession of beaches may 
be seen, in ascending inland over the slowly rising plains. 
The beaches are of the same character as those described in 
the author’s earlier papers upon ancient shores. But they 
appear to represent a rather shorter time in formation than the 
Iroquois and Algonquin Beaches. 

THE Forest Beacu.—Upon the Canadian side of the St. 
Clair River, the first important deserted shore line, above the 
Algonquin Beach, may be seen at Forest—and hence I will 
name it the Forest Beach. This has been explored in both 
directions from Forest, as shown on the map, with elevations 
as in the table—these being instrumentally levelled. 


Feet above the Sea. 


582 
Walkerton (terrace in valley) ....--...-...-. 825 
Paisley (terrace in valley) -..............-.- 860 
Rockford (spit across valley) ..-..--..-..---- 915 
Barrie (on insular ridge) .-............------ 910 


East of Rockford the country is not favorable for the identi- 
tication of the old beaches, as they were interruptéd by the 
promontory of Blue Mountains extending into the former sheet 
of water, but on it various rock-terrace shore-lines are 
engraved. On the drift hills farther eastward, ridges reappear 
at elevations above the Algonquin Beach, which would point 
to their identification with the Forest Beach. In this north- 
eastward direction our survey was discontinued. 

From Forest, the beach has been explored, upon the northern 
side of Lake Erie, and the equivalent terraces traced to north 
of Lake, Ontario. The measured elevation at various points 
are: 


Feet above the Sea. 


Komoko (terrace in valley) --..----.---.--- 722 
White’s Station (south of London)....-..... 715 
Pushlinch Church (rock-terrace) --...-.--.--- 840 
Georgetown (terrace)... ........-.........-- 891 


North of Stouffville (terrace) ....--......--- 
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The terrace is a strong topographical feature, especially 
after passing over the Niagara escarpment near Georgetown. 
The differential elevation of the Fores: Beach, in the extreme 
southwestern part of the Province of Ontario, is 1:44 feet per 
mile in a direction of N. 28° E. But northeast of Toronto this 
warping has increased to three feet per mile as it trends north 
of east, with the direction of the maximum rise not deter- 
mined. This warping is in harmony with the deformation of 
the Iroquois Beach, in the same region, being only slightly in 
excess, as it should be. No attempt has been made to explore 
the extreme eastern and northern portions of the Forest Beach, 
around the island of the Province of Ontario. 
Tue ArKkoNA Beacu.—This beach is less perfect than the 
Forest Beach. It is prominent at Arkona, rises to 789 feet 
east of Ailsa Craig, passes by Varna and Ripley, and near 
Walkerton has an elevation of 944 feet. At Chatsworth, the 
spit across the valiey at 985 feet, probably belongs to this 
shore-line. No further explorations have been made in this 
direction. Southwest of Arkona, the beach has an elevation of 
773 feet at Waterford; 754, on a river terrace near Komoko ; 
735 (2?) at Taylor; 776, on the plains at St. Thomas; 792 at 
V Cornith ; 804 at Delhi. Beyond this point there are shore 
remains, at 903 feet near Paris; a terrace at Limehouse, at 
. 970, and at Stouffville, a gravel ridge skirting higher land, at 
1175 feet. These latter fragments may be the equivalents of 
the Arkona Beach. But these last named shore-lines continue 
the upward succession of deserted water-lines even if not iden- 
tical with the Arkona Beach. This beach is imperfectly ex- 
plored, and is more or less interrupted, like other shore-lines, in 
the lake region as well as those nearer the sea coast, such as on 
Mt. Desert Island. 
RipGEway AND HIGHER BrEAcHES.—Above the Arkona 
beach, the next shore-line is here named the Ridgeway Beach, 


| (as this is a suitable name for its counterpart in Michigan). F 
} Its elevation, near the following places, is: 
m Feet above the Sea. 
891 


As the object of our surveys was for the more especial 

exploration of the lower beaches, the explorations were not 

: carried throughout the distribution of the higher beaches. 
| But beaches, spits across valleys, and terraces carved out of 
the Niagara escarpment were seen in many places at altitudes 

which would correspond to the continuation of this shore-line. 

Back and above this beach,’there is a belt of flat plains, corres- 
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onding to the frontal plains of still higher deserted coast-lines. 
ndeed, in the fragments seen, several other still high coast- 
lines are recorded. The altitudes of several of these are here 
given, and those marked with an asterisk are in hig ag Ne 
positions that would permit of their identity with the Ridge- 
way Beach, which has not however been continuously traced 
between all the points. 

Feet above the Sea. 


Seven miles south of London... *882 


Corwhin (rock-cut terrace with gravel floor)*1127 
Acton (rock-cut terrace with gravel floor) -.*1160 


Near Mono Mills (rock-terrace) -..--.--.--- 1400 (bar.) 
(gravel terrace) 1375 (bar.) 
‘West of Collingwood (rock-terrace) -...-.- 1400 (bar.) 
West of Clarksburg (beach) .....-..--.--- 1396 
Duncan (rock-terrace).........----------- 1260 (bar.) 
N. E. of Flesherton (terrace with gravel 
1613 
South of Markdale (terrace) -...-.-.---.--- 1425 (bar.) 
Markdale Station (terrace) ........------- 1360 
2 miles north of Berkley (gravel spit)...... 1260 (bar.) 


The beach remnant, in the region of Dundalk, is only twenty 
feet below the highest point of land, which once formed a 
small island. From this point down to sea-level, there is 
abundant proof, in the beaches, spits, sea-cliffs, and cut terraces 
that there was a long succession of intermittent episodes of 
subsiding waters from the highest lands of the peninsula of 
Ontario—lands often higher than the highlands north of the 
Great Lakes, which now constitute the Laurentian Mountains 
—care having been taken to distinguish these-named structures 
from those gravel deposits belonging to the older drift episodes. 
Even after allowing for the amount of more recent terrestrial 
warping, these higher shores of Ontario rise far above much of 
the land to the south of the lakes. All of the deserted water- 
margins are more recent than the drift deposits, and some 
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of them are cut out of the third series of till, which covers 
ridges and plains of much of the highlands of Ontario. The 
highlands of the peninsula then rose up as a growing island 
out of the receding Warren Water. 

The position and relative heights of the beaches of the two 
sides of the St. Clair River are seen in the following section, 


| 
| | 


St Clair Fever 
3 Ni 


eles 


which represents a profile across them along a nearly east and 
west line. Making allowance’ for the terrestrial deformation 
between the beaches themselves, it will be readily seen that 
there is only a slightly greater amount of rise between mem- 
bers of the series upon the eastern side than upon the 
western, and this is in harmony with all the observations else- 
where about the lakes. Hence, I have been forced to accept 
the identity of the two sets on the opposite sides of the St. 
Clair River, as there are no important intervening shore-mark- 
ings, on the plains between the named ridges, although those 
upon the western side are more sandy than on the eastern. 
THE Forest Beacu skirts the plains at the head of Saginaw 
Bay and passes around the thumb of Michigan. About five 


miles west of 
Feet above the Sea. 


Port Huron, it is duny with an elevation of. 665 
East of Berville 

Sylvania 

East of Defiance (Gilbert) -....-.-..--.--- 
Cleveland 

Madison 

Sheridan Centre, N. Y., (Gilbert) 

Crittenden, N. Y., (Gilbert) 


THE ARKONA BEAcH has an elevation of—near 


Goodall 

Denton 

Blissfield (ridge duny) 
Cleveland 


A record of this shore-line is more meagre than the last. 
Both of these beaches have been more or less surveyed in Ohio 
by the late Geological Survey of that State,* and Mr. G. K. 
Gilbert has measured the continuation of the lower for some 
distance beyond the State line, into New York. The Lower, 


* Geology of Ohio, vol. i, map, p. 549. 
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or Forest Beach, is identical with that numbered four of the 
Ohio Survey, at the head of Lake Erie. Spits and spurs are 
frequently given off from these beaches, and add some difficulty 
to the surveying, especially in Ohio. 

THE RipGEway Beacu, or next highest shore-line, is the 
most important of the whole series, as it has been explored for 
the greatest distance, and is perhaps the easiest of identifica- 
tion. On it, many long stretches of dry roads, bounded by 
muddy plains, have been used from the first settlement of the 
country. The other ridges have also in places been used for 
roads, but to a less extent. 


Elevations on the Ridgeway Beach determined by Leveling. 


Feet above the Sea. 


Lake Michigan and Lake Huron..-.......-- 582 

Beach near Chicago (calculated) -- - - - - 526-542 

Hear Columbia, Mick 618 (bar.) 
Allegan (terrace) in valley 643-—— 

770 

West of Lenawee Junction --...--..--.--. 735 ——— 
Sheridan Centre, N. Y. .....--.------.--- 834 (Gilbert.) 


(Gilbert.) 


Throughout the windings, this coast line has been explored 
for eight or nine hundred miles. The highest beach south of 
Chicago is only 42 feet above the lake, and this probably belongs 
to a series to be noted hereafter, and from it the position of the 
Ridgeway Beach is calculated. The country southeast of Lake 
Sidkieen is very sandy and duny, and thus it is more difficult 
to recognize the exact water-margins than farther east where 
the beaches are narrow ridges between clay plains. From 
Grand Rapids to Pewamo the beach passes through a strait 
between high lands on both sides. this depression is now 
occupied by the Grand River, between the head waters of 
which, and those draining into Saginaw Bay, the divide does 
not exceed a height of one hundred feet above the lakes, 
although the land rises many hundred feet on both sides, 
Indeed, from even west of Pewamo the low embayment widens 
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and forms the broad flat plains at the head of Saginaw Bay. 
But these plains, for half their length, are drained to the west 
by the Grand River, although they were formerly the floor of the 
lately enlarged Saginaw Bay. Hence, the topography shows 
the reversal of the drainage, by a slight uplift towards the east 
and north, which in the region of Pewamo amounts to about a 
foot per mile. This rise continues to Chapin, whence the 
beach rises towards the northeast and passes around the thumb 
of Michigan, and descends to about a mile east of Emmett. 
From the crossing of the beach, east of Ypsilanti, to Lenawee, 
there is no terrestrial warping as shown by instrumental 
measurements. The occurrence of this beach, although not 
identified throughout any distance, was described by Prof. A. 
Winchell.* From Lenawee, the Ridgeway Beach extends into 
Ohio, and becomes identical with the beach of the Maumee 
Valley, called by Mr. Gilbert number three.t Thence it 
extends eastward with natural interruptions. From Ohio it 
has been traced into New York by Mr. Gilbert. The portion 
south of the western half of the lake practically shows no 
deformation, but between Madison and Sheridan Centre, it 
rises about a foot per mile, while the lower, or Forest Beach 
rises in the same distance only about three quarters of a foot, 
although eastward of that point the last named beach rises two 
feet per mile. 

At the head of the Maumee valley, a fragment of a beach, 
about thirty feet higher than the Ridgeway Beach, was de- 
scribed in the Geology of Ohio.t This, however, is only occa- 
sionally met with. A beach at Grand Rapids, Mich., at 700 
feet, and a terrace near Allegan at 689, may be the equivalent 
of that in Ohio. 

THE MaumEE Beacu.—This is the next highest of the well 
defined beaches which have been studied. That, at 42 feet 
above the lake at Chicago, is probably identical with the beach, 
which has been traced from the southeastern side of the lake, 
as it is in the topographical position in which we would expect 
to find it. But the country is a very sandy and duny. 

The beach is identical with Mr. Gilbert’s number one at the 
head of the Maumee valley, and hence the suitability of the 
name. When the water was at this level, Mr. Gilbert regarded 
the outflow of the lake as by the Wabash River. The divide, 
at the head of this river, from the Maumee drainage was 
nearly fifty feet below its surface.§ But it was not then known 
that this deserted shore extended throughout the Saginaw val- 
ley to the Michigan basin. Nor had the moderately complete 


Y *Geology of Washtenaw County, by A. Winchell, 1881. — 
+ Geology of Ohio, map, p. 549. t Ibid. 
§ Geology of Ohio, vol. i, p. 551. 
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and accurately measured Ridgeway Beach been surveyed, and 
the warping movements measured therefrom. From the present 
information, it will at once be seen that the same sheet of water 
had also access to the Mississippi drainage by the depression at 
the head of Lake Michigan, which is twenty feet or more 
below the highest beach in the vicinity, the probable equiva- 
lent of the Maumee Beach, east of the lake, now about a 
hundred feet above its surface, near Columbia. 


Elevations of Maumee Beach near: 


Feet above the sea. 


Columbia, Mich, (dunes rise to 699 feet)......--- 683 
Allegan (dunes to 740, terrace) ..-...----------- 713 
East of Pewamo (barometric) ............------ 841 
Fort Wayne (Gilbert) to (778 
786 


Amount of Warping in the preceding Beaches.— Across the 
State of Michigan, the Maumee Beach records a differential 
eastward or northeastward elevation of scarcely more than a 
foot per mile, while that of the Ridgeway Beach in the same 
direction is a little less than a foot per mile. 

West and south of Lake Erie the unequal movement is re- 
duced to almost zero. But east of Lake Erie the uplift reaches 
two feet per mile as recorded in the Forest Beach. 

East of Lake Huron, the Arkona Beach rises to the north- 
eastward at 1-71 feet per mile, and the parallel and younger 
Forest Beach at 1°5 feet. The still younger Algonquin Beach* 
rises 1°33 feet, east of Lake Huron. This warping increases 
so that east of Georgian Bay it amounts to 4°1 feet per mile, in 
direction N. 25° E. The explored beaches north of Lake 
Erie have an accelerated rise, so that, northwest of Lake 
Ontario, it amounts to 3 feet or more per mile, in the higher 
water margins. If the higher shore-lines in the Adirondacks 
could be and were surveyed we would expect a differential 
elevation to the northeast of more than five or six feet per 
inile, as that amount has been measured in the lower Iroquois 
Beach.+ But most of the differential crust movement has 
been since the Iroquois and Algonquin episodes. 

Higher coast lines.—There were sheets of water pre- 
ceding the Maumee episode, for across the higher lands of 
Michigan, there are extensive belts of flat land or plains 


* “ Deformation of the Algonquin Beach,” etc., this Journ., vol. xli, 1891, p. 15. 
+“ Deformation of the Iroquois Beach,” ete., this Journ., vol. xl, 1890, p. 447. 
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often covered in part with gravel floors, and in part with 
silt. They are the exact counterpart of the plains in front 
of the lower beaches, although more eroded by the streams 
cutting down to the lower levels. Thus extending from the 
vicinity of Kalamazoo there is an extensive plain, with a floor 
of well-rounded gravel, bounded on the south by ridges but 
with a generally open ‘and descending country to the north. 
-On this plain, I have traveled for forty miles to eastward of 
Marshall, and could see in it no other history than that of 
the bottom of some bay in front of ridges of drift hills 
towards the south. The barometric height taken from the 
station at Kalamazoo gives the plain or terrace an elevation of 
912 feet above the sea. Farther eastward the measurements 
reached 944 feet. In the valleys, there are lower river ter- 
races probably corresponding to the Maumee Beach. The 
amount of warping in the region is very little. It has also 
been noted that there is scarcely any deformation south of 
Lake Erie until passing eastward of Madison, Ohio. It is well 
known that there are at last four troughs in Ohio connecting 
the Erie valley with that of the Ohio River having summit 
floors at elevations of between 909 and 940 feet above the 
sea, composed of drift materials, and that there are terraces 
at the northern end of these valleys:* The terraces at the head 
of the Mahoning valley is a good example. It is probable that 
the gravel plains of Michigan and the terraces in Ohio, con- 
nected with these meridional troughs, are identical in age. 

3ut here is room for investigation. In Michigan, there are 
other and higher gravel flats than those just referr ed to. 

Professer “Rominger records beach-like deposits at 1,682 
feet above the sea on the highest lands near the northern 
part of the lower peninsula of Michigan.+ Professor E. Desor 
noticed other similar deposits at considerable elevations in the 
northern peninsula of that State.t Mr. A. Murray long ago re- 
ported a series of beaches on the northern side of Lake Supe- 
rior.§ Professor H. Y. Hind observed terraces at Great Dog 
Portage, north of the same lake at 1,435 feet.| Other beaches 
at 1,100 feet have been reported in Wisconsin. None of these 
I have seen, and do not know which of them, except those 
north of Superior, belong to true beaches, for I have every- 
where had to distinguish between plain shore structures and 
those forms which go under the name of kames, osar, ete. 

* Geology of Ohio, vol. ii, p. 47. 

+ Geology of Michigan, vol. iii, p. 19. 

tSee Beaches, etc., between Lakes Mich. and Sup., by E. Desor in Foster and 
Whitney’s Report, vol. ii. 


§ Geology of Canada for 1863. 
|| Report upon Assiniboine and Saskatchewan Expedition, 1859, p. 120. 
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It is due, in part, to the delay in systematic investigation, 
that we owe our ignorance of the high-level shore-markings in 
New York. Terraces and delta deposits occur about Seneca 
and Keuka Lakes and elsewhere in New York. The gravel 
plain at Horseheads at the divide, south of Seneca Lake valley 
has an elevation of 900 feet. The valley isa mile or more 
wide, with free drainage towards the south. Is this shore 
deposit the equivalent of the Forest or some other beach? In 
a lateral valley, immediately to the east of Horseheads, there 
is a well marked terrace at an elevation of 1,200 feet. This 
terrace plain could not have been formed unless the waters 
filled the valley at Horseheads, which is only three or four 
niles away, to a depth of 300 feet. 

The terraces of the Genesee River, up to 1,900 feet above 
the sea, or 250 above the river, and the records north of the Adi- 
rondack Mountains tell the same story of water everywhere, at 
elevations indicating one vast sheet, extending over the lake 
basins, and only obstructed by the great islands of Ontario and 
Michigan, with beaches far higher than the now numerons val- 
leys, radiating to the north, east, south and west. The margins 
by this shrinking Warren Water were constantly contracting, as 
shown by the beaches, but its full dimensions are not yet known. 

Until these investigations are further extended, this chapter 
in the history of the lake regions cannot be completed. Its be- 
ginning was at the close of the drift episode of the Pleistocene 
period, and its dismemberment was the episode of the birth of 
Algonquin and Iroquois Bays, which afterwards became lakes. 
But whether this great sheet of water existed as an arm of the 
sea, or a glacial lake, may be questioned by the opposing 
schools. The absence of marine beaches seems to be an ob- 
stacle on one side. A sheet of water, at least six or seven hun- 
dred miles long and four hundred wide, with several, or many 
outlets upon its southern side, appears still more unfavorable 
to the supposition of an ice dam to the east, of more than 
2,000 feet in thickness, beneath which a river as great as the 
St. Lawrence was flowing, and continuing for the centuries 
which carved out the terraces and beaches. Indeed, some of 
the sea cliffs of the highlands of the Ontario peninsula, as well 
as terraces and beaches indicate a long wave action. The argu. 
ments set forth, against the glacial character of the [Iroquois 
and Algonquin Beaches, obtain with greater force when applied 
to those of the Warren Water. But let these reasons rest in 
abeyance, and let others enter the harvest field not cireumscribed 
by disputed hypothesis. 


Am. Jour. Sc1.—Tuirp Serizs, Vor. XLI, No. 243.—Mancu, 189). 
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ArT. XXIII.—Wotes on Ferro-Goslarite, a new variety of 
Zine Sulphate ; by H. A. WHEELER. 


ASSOCIATED with the sphalerite in a zinc-mine at Webb 
City, Jasper Co., Mo., there occurs a new variety of goslarite, 
or hydrous sulphate of zine, that contains about 5 per cent of 
ferrous sulphate. It appears as incrustations and in stalactitic 
form on the wall of a large body of zinc-blende, with which 
marcasite and galenite are associated. Its origin is due to the 
oxidation and leaching of the zinc and iron sulphides, and their 
subsequent crystallization as the solution slowly concentrated 
by atmospheric evaporation. The occurrence of goslarite in 
the drainage of the mines of that district is quite common, 
according to Dr. W. P. Jenney, and where the seepage through 
the ore-bodies is very slight, the normal white to colorless sul- 
phate of zinc is occasionally found as an incrustation on the 
sides of the mine; but in this case, a double sulphate of zine 
and iron is found in the ratio of 4°9 FeSO, to 55°2 ZnSO, or 
nearly as 1:11. Thus far it has been found in only one mine 
and in very small amounts, which is hardly surprising in a 
district that is usually seriously troubled with water, when the 
ready solubility of the mineral is considered. 

The mineral occurs in mammillary and stalactitie incrusta- 
tions, with a prismatic, radiating structure. It is subtrans- 
at and light yellow to brown in color. Luster, vitreous. 

ardness, 2°5. Brittle. Readily soluble in water, and has a 
highly astringent taste. Readily loses its water on exposure 
to the air, turning to an opaque, yellow powder. Fuses with 
intumescence on charcoal, finally leaving an opaque, brown, 
infusible mass that is feebly magnetic; otherwise gives the 
usual zine and iron reactions. 

The analysis given below shows a very slight contamination 
(0°8 per cent) from associated clayey matter, 


Zinc sulphate 552 per cent. 
Ferrous sulphate ...... .--- 49 
390 
99°9 per cent. 


As the properties of the mineral correspond so closely to 
those of goslarite, differing only, as far as studied, in the occur- 
rence of ferrous sulphate with the variation to be expected 
therefrom, I have given it the name of ferro-goslarite. I am 
indebted to Mr. Arthur Thacher, E. M., for calling my atten- 
tion to it, who first noticed its occurrence at Webb City and 
placed some of the material at my disposal. 
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Art. XXIV.—On the Composition of Pollucite and its Occur- 
rence at Hebron, Maine; by H. L. WELLs. 


Ir is a matter of great satisfaction to announce the discovery 
of pollucite in a new locality. This very interesting mineral 
has heretofore been found only on the Island of Elba and even 
there in very small quantities, so that it may be called a min- 
eralogical rarity. Its composition, in being the only known 
mineral in which caesium is an essential constituent, adds 
greatly to its interest. 

Before describing the American material, some account of 
the history of the mineral may be given. In 1846, Breithaupt 
described* two minerals from Elba, which he called Castor and 
Pollux from their great similarity in appearance. He distin- 
guished them easily however by their difference in specific 
gravity. Castor is now considered to be identical with petalite, 
and it is a fact worthy of mention that the latter mineral is 
found at Peru, Maine, only a few miles from the new pollucite 
locality, a fact which points, perhaps, to a new association of 
“Castor and Pollux.” Breithaupt’s material was analyzed by 
Plattner,t+ but at that time caesium had not been discovered, 
so that he naturally mistook it for potassium. His results 
were as follows : 

1. 


Plattner. 

16°506 
2-321 
92°753 


Plattner sought in vain for an explanation of his low results, 
and, not having enough material to repeat his analysis, he pub- 
lished it as it was. The discrepancy remained unexplained 
until in 1864, eighteen years later and after Plattner’s death, 
Pisani§ discovered caesium in the mineral. Pisani states that, 
if Plattner’s analysis be re-calculated on the supposition that 
the caesium was weighed as platinichloride while the soda was 
caleulated in the usual way from the weight of the mixed 
chlorides, that the results would correspond closely to his own 


* Pogg. Ann., Ixix, 439. ¢ With trace Li,0. 
+ Ibid., p. 446. § C. R., lviii, 714 
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analysis. Brush afterwards published a re-caleulation* on this 
assumption, which is given below under la. Since Plattner 
used 0°5 gram. of substance for his analysis, the footing still 
hardly does justice to his well-known skill as an analyst. I 
have therefore made a new re-caleulation, given under 14, 
assuming that Pilattner’s platinichlorides contained enough 
potassiuin to make an exact summation. This assumption is 
warranted to a certain extent by the fact that all analyses of 
pollucite since Plattner’s give at least a trace of potash. This 
calculation of the potash cannot be considered very exact, but 
it is quite probable that a part of the excess shown by the 
other re-calculation was due to the presence of this substance. 


la. 1b. 
Plattner. Plattner, 
Re-calculated. Ratio. Re-calculated. Ratio. 

Si,O 46°20 °770 or 4°64 Si0, 46°20 ‘770 or 4°64 
Al,O, 16°39 ‘161 : Al.O, 16:39 ‘161 
Fe,0, 0:86 166 or 1:00 0:86 
Cs,0 35°69 °127 Cs,O 29°80 :106 
K,O .... }'1550r0°93 K,O 2°71 :029 } 163 or 0°98 
Na,O Na,O 1°72. °028 
H,O 2°32 "129 or 0°78 H,O 2°32 ‘129 or 0°78 

103°18 100°00 


The analysis which Pisani made on his discovery of caesium 
in the mineral, is as follows: 


2. 2a. 
Ratio with 
Pisani, Ratio. assumed correction. 
(Na,O0=2'17 per cent.) 
SiO, 44°03 ‘734 or 4°56 ‘734 or 4°56 
Al,O 15°97 157), 
Fe,0, 0°68 004 t 161 or 1°00 t 161 or 1°00 
CaO 0°68 ‘012 
Cs,O+ 84°07 °121 } °196 or 1°22 ‘168 or 1°04 
Na, Ot 3°88 ‘063 
H,O 2°40 ‘133 or 0°83 ‘133 or 0°83 
101°71 


Pisani is very positive about the freedom of his caesia from 
any considerable amount of potash, and he determined the 
atomic weight of his alkali-metal in support of this; hence it 
is searcely allowable to re-calculate his analysis, as has been done 


* This Journal, II, xxxviii, 115. 


+ With traces of K,0 and Li,0. 
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in the case of Plattner’s, with the assumption that the excess 
was due to the presence of potash. It is the author’s opinion, 
from a consideration of one of Rammelsberg’s analyses which 
will be mentioned later and of the analyses of the new material 
from Maine, that Pisani’s excess was at least largely due to too 
much soda, either derived from glass vessels or from some 
other cause, hence a ratio is given under 2a above, after de- 
ducting 1°71 per cent of soda from the analysis. Pisani de- 
duced from his analysis the oxygen ratio, SiO,: Al,(Fe,)O,: 
Cs,(Ca,Na,)O: HO=15:5:2:2. This ratio would be ex- 
pressed by the very complicated formula, 45SiO, . 10A1,0, . 
12Cs,O . 12H,O. 

Pisani certainly left the question of the true composition of 
pollucite open to doubt, and in 1878 Rammelsberg published* — 
a new analysis of the mineral with the view of clearing up the 
doubt. Rammelsberg’s material was evidently not well adapted 
to the purpose of determining the composition of the mineral, 
for he first picked from it some pieces, “more or less translu- 
cent,” and obtained from them, Al,O, 16°58, alkalies precipi- 
tated by platinic chloride 23°03, Na,O 2-00, Li,O 0°83; then 
he picked from the same material, some fragments which had 
a specific gravity of 2-868, the lowest number which has ever 
been given for the mineral, although Breithaupt gives the 
same number as the lowest of a series, and he made the follow- 
ing analysis from it: 


3. 
Rammelsberg, 
First analysis. Ratio. 

SiO, [48°15] or 5°01] 
Al,O, 16°31 “160 or 1°00 
Cs,O 30°00 106 

K,O 0°47 or 0°94 
Na,O 2°48 040 

H, 2°59 °144 or 0°90 

100°00 


On this single analysis, where an important constituent was 
determined by difference and where the material was of ques- 
tionable purity, Rammelsberg obtains the formula which is 
now generally accepted for the mineral. The analysis corres- 
ponds to the formula H,R’,AI,(SiO,),; Rammelsberg includes 
the hydrogen in R’ and writes it R’,A],(SiO,),. 

It may be inferred that Rammelsberg himself was not fully 
satisfied with his results, for about two years later, he pub- 
lished+ an analysis of what he describes as the purest material. 


* Berlin. Akad., 9, 1878. + Berlin. Akad., 671, 1880. 
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This analysis is given below: 


4. 
Rammelsberg, Ratio from the 
New analysis. mean of 4, 
II. III. 

SiO, 4648 ‘775 or 4°58 or 9°16 
1794 169 or 1°00 or 2°00 
Cs.0 30°71 30°53 ‘109 
K,O 0°78 0°41 006 °151 or 0°89 or 1°78 
2°31 2719 036 3°30 
H,O 2°32 Pee oe "129 or 0°76 or 1°52 


He does not publish any ratio with this analysis, but says: 
“ These results confirm the former.” The emphasis is Ram- 
melsberg’s. It may be noticed, however, that this analysis 
corresponds very closely to the formula, 9SiO, .2A],0,.2R’,0. 
13H,O, or, putting in H with R’, it corresponds very well 
with the metasilicate formula, R’,Al,(SiO,),. Moreover the 
formule just mentioned correspond much better with the 
analyses of Plattner and Pisani than Rammelsberg’s formula 
does. What the probable formula for pollucite is, will be dis- 
cussed after giving the analysis of the Hebron mineral. 

The locality, Hebron, from which the new material comes, 
furnished the lepidolite from which Allen * extracted a large 
quantity of caesium and rubidium, the material used by John- 
son and Allent in determining the atomic weight of caesium 
as now accepted. Hebron also furnished the remarkable beryl 
in which Penfield{ found 2°92 per cent of caesium oxide. It 
might have been expected, therefore, that this locality would 
be likely to furnish pollucite ; indeed, Professor Brush tells 
me that he has tested a large quantity of quartz fragments 
from the locality, hoping that some of them might be this 
mineral. 

The specimens were found during the past summer by Mr. 
Loren B. Merrill, of Paris, Me., and a few pieces were sent by 
him for identification to Professor Brush, who very kindly 
gave them to the author for examination. Mr. Merrill has 
since very generously loaned us his whole stock of the mineral, 
amounting to more than half a kilogram, in order that a 
thorough examination might be made. The mineral is said by 
the discoverer to have been found in cavities.§¢ It was associ- 


* This Jour., II, xxxiv, 367. + This Jour., II, xxxv, 94. 

t This Jour., IIT, xxviii, 29. 

§ Mr. Merrill says, in a letter received after this article was in print, that the 
pollucite was found in only two cavities. In one of these only two or three pieces 
were found, associated with large, etched quartz crystals. In the other cavity the 
main part of the mineral was found in a loose heap mixed with clay. This last 
cavity was open at the top, and was 3 feet wide 6 feet long and 18 inches deep. 
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ated with quartz, a crystal of which was in one case imbedded 
in the pollucite, also with psilomelane and with another 
mineral which proves to be a nearly colorless, brilliant caesium- 
beryl. The pollucite was in the form of irregular fragments, 
mostly between $+ and 10 grams in weight, very similar to 
those figured by Breithaupt in his original description of the 
mineral from Elba. The substance of many of the fragments, 
such as were used for the analysis, was of the most perfect 
physical character, perfectly colorless and as brilliant and 
transparent as the finest glass. 

Prof. S. L. Penfield has kindly made the following report 
of an optical examination of the substance : 


“ Refractive indices on a prism of 43°41’: 
m = 1°5215 Li 
n = 15247 Na 
n = 1°5273 Tl 


““The mineral shows no double refraction, hence it is iso- 
metric. Under the microscope it is very free from inclusions. 
Some of the specimens show a series of holes, in parallel posi- 
tion, extending into the substance of the fragment at right- 
angles to its surface. These holes have rectangular cross- 
sections and they give to some of the specimens a sort of 
fibrous structure.” Unfortunately, none of the fragments 
have any distinct crystalline faces. 

In its pyrognostie properties, its luster and hardness and its 
lack of any apparent cleavage, it agrees exactly with the obser- 
vations of Breithaupt, Plattner and the other observers in 
regard to the Elba mineral. It is completely, though slowly, 
decomposed by hydrochloric acid with the separation of pul- 
verulent silica. This agrees with the observations of Plattner 
and Pisani, but not with the statements of Rammelsberg. The 
latter was doubtless deceived by the slowness of the action, for 
it takes several hours to decompose the finely pulverized 
mineral with moderately concentrated acid at the heat of the 
water-bath. 

The specific gravity of the Hebron mineral was taken twice 
on each of two fragments; one gave 2°985 and 2°987, the other 
2°976 and 2°977. It will be noticed that the Maine mineral is 
considerably heavier than that from Elba. Breithaupt gives 
2°868, 2°876, 2°880 and 2°892; Pisani gives 2°901; Rammels- 
berg gives for the material used in his first analysis 2-868, and 
for the pure material used in his second, 2°885 to 2°896. All 
of this European material, except that used by Rammelsberg 
for his first analysis, is described by the various observers as 
being colorless and transparent. The indications are that the 
higher specific gravities represent the better material, and 
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the comparatively high specific gravity of the American 
mineral seems to point to still better quality if not to some 
difference in composition. 

A single piece of the very best quality was selected for the 
chemical examination, while the water was determined in two 
other fragments also, because of the evident importance of the 
water in calculating the formula. Analyses I and II were 
first made, but, as they did not show a perfect agreement in 
the determinations of the alkalies, No. II] was then made with 
the greatest care. This last is considered the best of the analy- 
ses and the ratio given is calculated from it, but it will be 
noticed that the other two analyses confirm this quite well and 
that they both point to the same formula with almost equal 
sharpness. 

Water was determined by loss by ignition, as given in detail 
beyond ; the “intense ignitions” were made in small platinum 
crucibles over a powerful blast-lamp flame, so that the heat 
obtained was very high. The material was not dried in any 
way before weighing. The mineral was decomposed by hydro- 
chlorie acid, and silica, alumina and lime were determined by 
the usual methods, care being taken to take account of the 
slight impurities in the silica and alumina. The alumina con- 
tained a very faint trace of iron, no more than might have 
been introduced by breaking the mineral up with steel cutters ; 
no evidence could be found of the presence of other elements 
in the alumina. The identity of the lime was shown by the 
spectroscope. 

The alkali-metals were weighed together as chlorides, then 
caesium and potassium were separated and weighed as platini- 
chlorides ; the alkali-chlorides in the latter were separated and 
weighed in order to caleulate the proportion of caesia and 
potash. The potassium spectrum was detected from these last 
chlorides with considerable difficulty, while they showed no 
rubidium spectrum whatever. Lithium chloride was separated 
from sodium chloride, after the removal of the excess of 
platinum, by the method of Gooch, and the soda was calcula- 
ted from the difference between the other chlorides and the 
total mixed chlorides, while in analysis III the sodium chloride 
was also weighed directly, giving a result which happened to 
be exactly identical with the indirect determination. This 
agreement of the direct with the indirect determination of the 
soda may be considered as an indication that the other alkalies 
were determined with reasonable accuracy. The lithium was 
identified with the spectroscope. 
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The following are the results of the analyses : 


Two separate 


Single piece. pieces. 

Weight of substance taken .....---- 0°6260 1:1291 09491 1°0205 1°4826 
Loss by heating at 125°-130° O80 8 
Loss by heating at 165°-170° 0-03 0°01 
Loss by heating to red 1-49 1°50 1°56 1°50 
Loss by intense ignition 0°04 0°02 0°03 
153 [1°53] 1:50 158* 1°53* 

100°62 99°67 99°84 


The ratio caleulated from No. III, and the caleulated com- 
position, giving the alkalies the same proportion as in the 
analysis, but omitting lime and lithia as insignificant, is given 


below : 
Hebron Pollucite. 

Ratio from analysis ITI. 
oe "725 or 4°53 or 9°06 
004 
Cs,0 
005 166 1:04 2°08 
Li.O J 
083 0°52 1:04 


Calculated for 


H.R’, Al,(SiOs)o 
Cs, 735 K, Na.) 
43°55 
16°45 
36°38 

K,0 0°48 
Na,.O 1°69 
1°45 

100-00 


The sharpness of the ratio and the agreement of the analysis 
with the calculated composition are all that could be desired. 
There can be no doubt, then, that the composition of the 
Hebron mineral is represented by the formula 9SiO,.2A],O,. 


2R’,0.H,O or H,R’,Al(Si0,),. 


The theoretical composition 


for H,Cs,Al,(SiO,),, supposing no alkalies except Cs,O to be 


present, 1s, 


100-00 


_ A comparison of all the ratios given in this article, as shown 
in the following table, makes it probable that the new formula 


* Not including, respectively, 0°03 and 0:01 per cent of water lost at 165°-170°. 
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ean be assigned also to the Elba mineral. The ratios have 
been calculated with Al,O, as unity because it shows less varia- 
tion throughout the analyses than the other constituents. 


Ratios. 
Si0.: Al,O3(Fe.0;3): R’2.0: H.0 
Plattner’s analysis as re-calculated by Brush.... 4°64: Oe : 0°93 : 0°78 
Plattner’s analysis newly re-calculated--_----__-- 4°64: a : 0°98: 0°78 
4°56: 1 : 1°22 0°83 
Pisani’s analysis with assumed correction - - - -- 4:56: : 1°04; 0°83 
Rammelsberg’s analysis on which he based his 

Rammelsberg’s later 4°58: : 0°89: 
Analysis of Hebron pollucite _.......--.-...-- 4°53 : i : 1°04: 0°52 
Proposed formula requires 4°50: : 1°00: 6°50 
Rammelsberg’s formula requires 500: : 1:00: 1:00 

Ov, as he writes the latter ........ 5°00: : 2°00 


Leaving out of consideration Rammelsberg’s first analysis, 
there can be little doubt that the new formula expresses the 
composition of Elba pollucite as far as the first three members 
of the ratios are concerned, but the water is 0°8—0°9 per cent 
higher in the analyses of that material than the formula re- 
quires. A part of this excess may be accounted for by suppos- 
ing it to take the place of any deticiency in the alkalies, as will 
be noticed especially in the last analysis of Rammelsberg; 
hence, since the small excess of water cannot be introduced 
into the formula without complicating it greatly and destroying 
the metasilicate ratio, it is probably best to consider it as acci- 
dental. The replacement of a small part of the alkalies by 
water in the Elba mineral would explain its lower specific 
gravity. 

It is satisfactory to notice that the historical first analysis by 
Plattner confirms, in each of its re-caleulated forms, the conclu- 
sions arrived at in this paper. 


Sheffield Laboratory, New Haven, Conn. 
January, 1891, 


Art. XXV.—The Volumetric Composition of Water; by 
Epwarp W. Mor 


UNTIL recently, our knowledge of the volumetric composi- 
tion of water depended on the results of Humboldt and Gay- 
Lussac. They presented their memoir to the Academy of 
Sciences at Paris. The memoir was printed in full in the 
Journal de Physique* and translated in Gilbert’s Annalen der 


* Vol. lx, p. 129. 
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Physik.* Chaptal and Berthollet made a report on the 
memoir to the Academy, which is contained in the Annales de 
Chimie et de Physique.t Humboldt and Gay-Lussac made 
twelve experiments with an excess of hydrogen, and twelve 
with an excess of oxygen. They determined the amount of 
nitrogen in their oxygen by absorption with an alkaline sul- 
phide, and with this oxygen determined the amount of nitro- 
gen in the hydrogen. The mean error of the measurement of 
the residue after explosion with an excess of hydrogen was 
one part in five hundred, and in the experiments with ex- 
cess of oxygen, one part in two hundred and fifty. From 
the experiments with excess of hydrogen they deduce 1-9989 
as the measure of the ratio sought ; from the experiments with 
excess of oxygen, they infer that both series together jus- 
tify the conclusion that one hundred volumes of oxygen com- 
bine with very nearly two hundred volumes of hydrogen. 
They do not compute the ratio from the experiments with 
excess of oxygen: it would be 1°982. Since I began experi- 
ments on the matter, Seott has published several statements 
of his results. In his first paper,{ he gives the results of 
twenty-one experiments. He gives two sets of values of the 
ratio sought; one computed on the assumption that the im- 
purities found in the residue after explosion were originally 
distributed proportionally between the two gases, and the 
other on the assumption that ali the impurity was contained 
in the oxygen. From the whole twenty-one experiments, he 
gets the two values 19857 and 1:9941 respectively ; exclud- 
ing two experiments in which the impurity was very great, 
he gets 1‘9897 and 1°9959; from the best four experiments 
he gets the values 1°9938 and 1:9964; from the six best, 
he gets the values 1°9938 and 1:9967.. The mean error of a 
determination was one part in two hundred and fifty on the 
first assumption, and one part in five hundred on the second. 
Rejecting the two worst experiments, the mean errors become 
one part in five hundred and one part in seven hundred and 
fifty parts. He gives the value 1994 as the most probable 
value of the ratio sought; but from a consideration of the 
same experiments, Young$ judges that the value of the ratio 
is between 1-996 and 1-998, and may perhaps be taken as 1-997. 

In the autumn of 1887, Scott| stated that he had then made 
over thirty experiments, and gave the most probable value of 
the ratio as 1:996 to 1997. Inthe spring of 1888, Scott pub- 
lished ‘four other experiments with a new and larger apparatus ; 
their mean is 1:997; the gases used sometimes contained as 


* Vol. xx, p. 38, 1805. + Vol. liii, p. 239, 1805. 
t Proceedings, R. S., vol. xlii, p. 398. § Nature, vol. xxxvii, p. 390, 1888. 
| Br. Assoc. Trans., 1887, p. 668. ¥ Nature, vol. xxxvii, p. 439, 1888. 
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little impurity as one part in fifteen thousand. In the autumn 
of 1888, Scott* stated that the volume of hydrogen required 
seemed to decrease when it was evolved continuously from the 
same apparatus; and that the variation showed some impurity 
at present undetected. He published the results of four ex- 
periments giving values varying from 2:001 down to 1:995. 
My own experiments on this matter are a part of one of my 
processes for determining the ratio of the atomic weights of 
oxygen and hydrogen. In this determination, the ratio of the 
densities of the two gases under ordinary conditions is one 
factor, and the ratio of their combining volumes under the 
same conditions is a second factor. Since it is difficult to free 
hydrogen from nitrogen, I hoped to obtain it free from every 
other impurity, and to determine the amount of nitrogen con- 
tained in it, so that I could compute a numerical correction to 
the observed density. I have now finished the determination 
of the combining volumes of the gases unless some as yet unde- 
tected error should necessitate further investigation. I have 
been able to reduce the mean error of a determination to less 
than one half of that which I ventured to predict early in the 
volumetric studies preliminary to the actual determinations.+ 
As the degree of accuracy which I hope it will be found that 
I have attained is very considerably greater than in determina- 
tions of the same kind by others, I have thought it needful to 
give a somewhat minute account of the details of the work, in 
order that those interested in the matter may better judge 
what degree of confidence may fairly be reposed in the result, 
or may be in a position to suggest improvements or corrections 
needed in my processes. Though some parts of the work go 
back for many years, yet, thoroughly agreeing with the expres- 
sion of Ostwald that he undertakes a heavy responsibility who 
publishes values of constants, I have made public no figures 
obtained till I have done the best that I know how to do. 
Preparation of pure hydrogen.—The preparation of pure 
hydrogen has been difficult. I tried long to obtain it by the 
action of dilute acids on zine. It is in this way not difficult to 
obtain the gas free from arsenic and sulphur (or chlorine), and 
easy to obtain it free from oxygen by passing the hydrogen 
over heated copper; but two difticulties remain, one of which 
is serious. The amount of hydrogen which can be obtained 
from a given weight of materials is not always enough to 
sweep out all the nitrogen present in the apparatus or con- 
tained in the liquids used and still leave much of the gas to be 
utilized. Perhaps, by constructing the apparatus so that it 
can be repeatedly exhausted, this difficulty could be overcome. 


* Br. Assoc. Trans., 1888, p. 631. : 
+ Am. Chem. Journal, vol. x, p. 23, 1888. 
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But a difficulty which I have not yet surmounted proceeds 
from impurities found in every sample of zine which I have 
heretofore obtained. The metal contains gases which were 
absorbed by it during metallurgie processes; of such gases, 
earbon dioxide is but one; this could be easily removed, but 
there are present other gases which contain carbon ; until they 
shall have been sufficiently investigated it is not certain 
whether they can be removed by absorption. 

It is to be noted that this last difficulty is by no means re- 
moved by amalgamating the zinc, and using it as one pole of 
a voltaic element or of a decomposing cell. The best zine I 
have found gave when so used hydrogen which after combus- 
tion in no very long time caused a precipitate in lime water. 
The gas also contained nitrogen which came from the zine 
employed ;* I therefore abandoned for the present the use of 
zine. D1. W. H. Burton kindly distilled in a vacuum for me 
some kilograms of so-called perfectly pure zine; with which 
product I shall some time resume the preparation of pure 
hydrogen. 

Having abandoned, perhaps too hastily, the attempt to get 
pure hydrogen from zine, I resorted to electrolysis. The de- 
composition of an alkaline hydroxide seemed promising; by it 
one would expect to get nothing but hydrogen, oxygen, hydro- 
gen dioxide and ozone. From the decomposition of absolutely 
pure potassium or sodiuin hydroxides, no doubt this pleasing 
ideal might be realized. But two decomposing cells which I 
constructed for the purpose and filled with so-called pure 
potassium hydroxide yielded hydrogen containing carbon. 
This might possibly come from organic matter adhering to the 
interior of the cells, although I was at that time especially on 
my guard against carbon; but it was more probable that it 
came from the simultaneous electrolysis of an alkaline carbon- 
ate. I therefore made a new decomposing cell most carefully 
of clean glass and platinum, cleaned it from organic matters 
derived from glass blowing manipulations by long immersion 
in chromic acid, but filled it with potassium hydroxide to 
which I purposely added potassium carbonate. The electroly- 
sis of this solution yielded hydrogen which instantly clouded 
lime water on combustion. It was therefore plain that the 
alkaline solution submitted to electrolysis must not contain any 
carbonate. This might no doubt be attained by using barium 
hydroxide, either alone, or added to potassium hydroxide to 
remove carbon dioxide. But since the so-called pure potassium 
hydroxide is purified by solution in alcohol, it is by no means 
certain that it may not contain carbon other than that existing 
in an alkaline carbonate. The matter, therefore, began to 


* Amer. Chem. Journal, vol. xii, p. 461, 1890, 
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assume such an aspect that I resorted to the use of sulphuric 
acid. 

Decomposing cell for 25 liters an hour.—lI have at com- 
mand, through the courtesy of the East Cleveland Railroad 
Company, by day and night an electromotive force of five 
hundred volts. It was obviously proper to use the current 
from this source by passing it in succession through many 
small decomposing cells, rather than through one large cell. 
It was convenient to have at command a current of hydrogen 
up to twenty-five liters an hour. To obtain this from a single 
cell would require a current of some fifty amperes; consum- 
ing thirty-three horse power. But if a current of one-thirtieth 
this amount is passed through thirty cells in succession, the 
same amount of hydrogen is obtained from one horse-power. 
I therefore sealed thirty decomposing cells to two delivery 
tubes, so that when the electric current is passed through 
them, the hydrogen produced is all given off at one tube, and 
the oxygen at the other. These cells were made by an 
eminent firm in Germany; twenty-six of them, on treating 
them precisely as those of my own construction had been 
treated, cracked at the bottom of the U-tube, having been 
obviously bent at too low a temperature. After this dismal 
accident, I had myself to make the set of decomposing cells 
shown in fig. 1 at aa. Each of the six cells shown is the 
front one of a column of five which are fused into the trans- 
verse delivery tubes shown in section at bb. Six such columns 
are fused to the longitudinal delivery tubes. It is convenient 
to immerse the cells in water to keep them cool; it is there- 
fore necessary to insulate each electrode in a glass tube as seen 
in the figure. The oxygen produced was led off to the tall 
cylinder seen to the left, containing a column of water such as 
to make the pressure on the escaping oxygen nearly equal to 
that on the hydrogen when it was permitted to escape at 
the end of the purifying train. This oxygen was sometimes 
utilized, as for oxidizing copper. The set of decomposing 
cells was supported in a copper trough for water for cooling. 
It was filled with distilled water containing one-sixth its 
volume of pure sulphuric acid which I distilled just before 
using it. The decomposing cells had a capacity of six liters; 
a little more than five liters dilute acid was put into them. 

Purifying train.—At ce is an enlargement to prevent the 
passage of acid over into d* when the current is rather rapid. 
d contains a fifty per cent solution of potassium hydroxide. 
é contains sulphuric acid for the preliminary drying of the 

* The individual parts of the apparatus are drawn accurately to scale, as noted ; 
but the connections between parts are represented more compactly than in the 
actual apparatus. 
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gas. In the furnace at f is a tube filled with copper; this 
tube of hard glass is joined to the soft glass tubes of the rest 
of the apparatus by ground joints made tight with syrupy 
phosphoric acid. As this part of the apparatus was not ex- 
hausted, no difficulty was experienced in keeping the joints 
tight. At g is a tube containing glass beads and sulphuric 
acid ; this (as well as the two following tubes) lay horizontally, 
so that the acid should remain well distributed throughout 
the beads. At A is a tube filled with powdered potassium 
hydroxide, and at 7 is a tube filled with glass wool and phos. 
phorus pentoxide. At is a vent through mercury; at m are 
two glass stop-cocks in succession, which have been lubricated 
with syrupy phosphoric acid. Their office is at present simply 
to regulate the flow of gas when the vaive at o is opened. 

At o is a valve consisting of glass tubes containing plugs of 
fusible metal. Two tubes which are perpendicular to the 
plane of the paper are seen in section; between them are 
placed several inverted U-tubes. Each one contains a plug of 
metal; when it is desired to admit hydrogen to the part of the 
apparatus to the right of the valve, one of the plugs is fused ; 
when it is desired to close the valve, the glass tube is fused 
together. It may be noted that with a proper composition of 
the metal, these valves make a joint as tight as could be de- 
sired, and that there was no failure by the splitting of the 
glass tube. By having several of these tubes, it was possible 
to make and again to cut off the connection between the two 
parts of the apparatus as often as desired. Of course new 
tubes were put in before each experiment; in this way, air 
was admitted to the tube between the valves o and the stop- 
cock m, but air never was admitted into the part of the appa- 
ratus to the left of m except by fracture of the apparatus. 
To remove the air from the tube mo, a tube was provided as 
shown at x; from which hydrogen was permitted to escape 
for a long time before each experiment. When 7 was closed 
by fusion, one of the valves at 0 was opened and the connect- 
ing tube between m and o was exhausted by the pump which 
had exhausted the apparatus to the right of v. During this 
exhaustion, the two stop-cocks m had to withstand a difference 
of pressure equal to that of the atmosphere. This they could 
not do without permitting some leakage of hydrogen into the 
vacuum which was then producing to the right of m. This 
however, gave no difficulty, the exhaustion of the large volumes 
e and n had already been accomplished under the security of 
the perfectly tight metal valve, and then these were shut off, 
so that the leakage during the subsequent exhaustion of m o p 
q 7, fig. 1, and acd, fig. 2, was so slight that a vacuum of 
1/50000 could be obtained in the small volume in question. 
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It was desirable that the hydrogen to be analyzed should not 
pass over any organic lubricant unless the lubricant were 
proved not to give up any carbon compound to the gas. 
Rather than investigate lubricants, I used syrupy phosphoric 
acid on the glass stop-cocks, and at first used no fusible metal 
valves, but prevented leakage while the exhaustion of the large 
volumes ¢ and n, fig. 2, was in progress by maintaining a 
vacuum between the two stop-cocks by means of a second mer- 
curial pump; but the manipulation was troublesome, and if 
the exhaustion was interrupted, the whole labor had to be 
recommenced. 

In some of my experiments, I used hydrogen purified by 
the process suggested by-Chirikoff,* namely, by utilizing the 
power of palladium to absorb hydrogen, and to give it off 
again at a higher temperature. In such experiments, a tube 
containing palladium was connected as shown at p, but a tube 
containing phosphorus pentoxide should have been shown be- 
tween o and p, intended to arrest any aqueous vapor which 
might possibly be given off by the syrupy phosphoric acid at 
m. A second drying tube was placed at g, to answer the same 
purpose for the gas which should pass directly to 7 and the 
following parts of the apparatus. 

The apparatus so far described serves to prepare pure hydro- 
gen. In the case of all impurities to be feared, except oxygen 
and nitrogen, their absence is capable of proof by direct ex- 
periment, as sensitive reagents are applicable. It was not 
expected that hydrogen free from nitrogen could be prepared, 
and apparatus designed to measure the residual nitrogen was 
constructed, and will shortly be described. The only question 
remaining is as to the possible presence of oxygen after the 
hydrogen had passed the tube containing heated copper at 7. 

o determine how much of a given substance fails to be ab- 
sorbed by the best absorbent of the substance can be deter- 
mined commonly only by indirect means which are of limited 
application. But in regard to the absorption of oxygen by hot 
copper, I think we can answer the question, and can perhaps 
also judge whether the presence of a great quantity of hydro- 
gen will lessen the completeness of the absorption. If we pass 
a current of air containing a little aqueous vapor through a 
tube filled with phosphorus pentoxide, and also pass a current 
of air over heated copper in another tube, we can in some sort 
compare the activity of the two absorptions by observing how 
far each absorbent is visibly affected. I think we may judge 
that the copper is not enormously less active then the phos- 
phorus pentoxide. Suppose the phosphorus pentoxide is a 


* Journal Russ, Phys.-Chem. Soc., 1882, chemical part, p. 47. 
Am. Jour. Sc1.—THIRD SERIES, VoL. XLI, No. 243.—Marcu, 1891. 
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hundred or a thousand times more active. Now, partly to 
obtain a solution of the present problem, I have determined* 
the amount of aqueous vapor which fails to be absorbed by a 
phosphorus pentoxide tube containing twenty-five cubic centi- 
meters, when the rate of the current of gas is two liters an 
hour ; the volume of the aqueous vapor left unabsorbed is not 
more than a thirty-millionth of that of the air. If then we 
make the surfaces exposed and the time of exposure compar- 
able for the two absorbents, we may expect that the copper 
will permit not over a hundred or a thousand times this quan- 
tity to escape; by increasing the exposed surface, and the time 
of exposure, the absorption may be made as complete as we 
please, for at the temperature used, we have reason to believe 
that the reaction between copper and oxygen is not reversible. 
Considering also the action of hydrogen which accompanies the 
oxygen and is heated with it, it seems to me impossible to sup- 
pose that the gas of my experiments contained any such quan- 
tity of oxygen as 1/200000 its volume. 

Purity of the hydrogen obtained.—Kach time when a globe 
was filled with hydrogen for the determination of density, the 
amount of nitrogen in the hydrogen was determined. The 
first trial was made when a current of two or three liters an 
hour had been evolved for three days; the gas then contained 
00035 volumes of nitrogen. The amount became gradually 
less as the amount of hydrogen obtained from the apparatus 
increased. When the apparatus was not in use, it was always 
left closed by fusion against the entrance of nitrogen except 
by diffusion through the water in which the oxygen delivery 
tube ended. When about six hundred liters had been obtained, 
it became difficult to detect nitrogen; that is, its amount was 
less than one part in one hundred thousand. Sometimes con- 
cordant determinations of the amount of nitrogen showed only 
one part in two hundred thousand. 

Apparatus for storing hydrogen for several experiments 
on the same sample.—F igure 2 shows the part of the apparatus 
serving for certain processes in the determination of the com- 
position of water. In my methods, it was necessary to secure 
two considerable volumes of hydrogen which should be abso. 
lutely identical in composition, one to be weighed, and one to 
be analyzed. It was also necessary to preserve the second for 
several days, with no possibility of contamination by leakage 
or diffusion. Moreover, the sample for analysis must not come 
in contact with fatty lubricants, nor that for weighing in con- 
tact with mercury, from which it would take up mercury 
vapor affecting its weight. It would no doubt have been 
possible to have found a fatty lubricant which it would have 


* This Journal, vol. xxxiv, p. 199, 1887. 
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been safe to use: but so many difficulties had to be sur- 
mounted that the pleasure of evading some was not to be dis- 
regarded, and 1 used no organic matter about the apparatus. 

The tube 7 yielding pure hydrogen is continued in the tube 
a of fig. 2. And a leads directly to the stop-cock ¢ just out- 
side the calorimeter case containing e and to the stop-cock of 
the globe e. The manipulation of ¢, d, e will be described in 
a paper on the density of hydrogen and of oxygen ; the gas in 
passing toe does not go near mercury. At g is seen a tube 
connected to a McLeod gauge, and leading to a Geissler air- 
pump having a capacity of 2°3 liters. This was kept in such 
condition that it was not difficult to exhaust the pressure gauge 
and the connecting tubes with a total volume of 700 enbic 
centimeters to one part in five million. It is therefore obvious 
that the amount of leakage through its ground joints which 
could take place during the exhaustion was negligible, and 
when the pump was not in use for exhaustion, it was shut off 
by a mercurial valve which was perfectly tight. 

The vertical tubes seen immediately above the horizontal 
part of @ form a six-way mercurial valve, of which three ways 
were used in the manipulation of hydrogen, and three in the 
manipulation of oxygen. When mercury is lowered in the 
tube A, a free passage exists between the Geissler pump with 
its McLeod gauge and the tube @ leading to the valve at 9, fig. 
1, as well as to the weighing globe e, fig. 2. When the mer- 
cury is lowered in the tube 4, there is a free passage from the 
pump to the mano-barometer and the store globe,”. And 
when the mercury is lowered in the tube 7, there is a free pas- 
sage between the tube a and the mano-barometer and the store ° 
globe. Of course this valve will saturate the hydrogen with 
mercurial vapor, but this part of the hydrogen is to be 
analyzed over mercury. Any hydrogen stored in the globe n 
is perfectly safe from contamination. The tubes were all most 
scrupulously cleaned, all joints were made by fusion, when 
possible, and the others are mercurial seals of sufficient depth ; 
at the mereury six-way stop-cock, the hydrogen is shut off by 
at least thirty centimeters of mercury, at the mano-barometer, 
by thirty, and at the valve o by eighty centimeters. It was 
accordingly found that that hydrogen stored at in contained 
no more nitrogen after keeping it for a month than on the 
day of its preparation. 

Introducing hydrogen into the storage apparatus.—In filling 
n with hydrogen, n was exhausted to a twenty-five thousandth 
or a fifty thousandth part, and was then shut off from the 
pump. Then the tube between d, fig. 2, and 0, fig. 1, was 
exhausted to a hundred thousandth. During these exhaustions, 
hydrogen had been escaping at », fig. 1. The tube at » was 
then fused together, the stopcocks at m closed, and the valye o 
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opened. A good exhaustion was now produced back to the glass 
stop-cocks. The valve shutting off n, fig. 2, was now opened, 
as well as the stop-cock of the globe e, (but of this elsewhere), 
and hydrogen admitted to a tension of ten or twenty centi- 
meters. Then the valve 0, fig. 1, was closed, and a good ex- 
haustion again produced in the whole apparatus, m, n, and e, 
fig. 2. The degree of exhaustion thought proper depended on 
circumstances. The pump was then shut off, the fusible metal 
valve opened, and hydrogen admitted till its pressure was a 
little greater than that of the atmosphere. The valve 7 being 
then closed, the hydrogen in » was ready for use. 

The apparatus for preparing oxygen is not shown. Potas- 
sium chlorate was placed in a hard glass tube; this was fused 
to a similar tube containing finely divided silver and heated in 
a furnace. These two tubes were connected to the soft glass 
tubes of the remaining apparatus by a ground joint. First was 
a tube like g and /, fig. 1, with a fifty per cent solution of 
potassium hydrate, and then a similar tube with glass beads and 
sulphuric acid. Then. followed a stop-cock used to keep the 
pressure in the apparatus so far nearly equal to that of the atmos- 
phere. This stop-cock was lubricated with syrupy phosphoric 
acid, and was followed by a tube filled with phosphorus pen- 
toxide, and ending at the tube 4, fig. 2. This tube could be 
connected to the globe ¢, fig. 2, by making a fused joint at the 
proper place. It was also connected to the three mercurial 
valves and also to a system for storage of oxygen identical 
with that for hydrogen. The manipulation in filling this sys- 
tem with oxygen was much like that for filling with hydrogen. 

Apparatus for extracting hydrogen and oxygen from the 
stores, and for preparing to determine residual nitrogen in 
hydrogen.—At 0, fig. 2, is a mercurial valve which can be 
opened under difference of pressure. Those at the left of this 
figure can be opened only when the two pressures are equal. : 
It also permits some regulation of the rate of flow. The 
descending tube which is connected directly to » contains 
a part so narrow that only a certain amount of gas can pass in 
a minute; the amount is calculated according to the size of the 
wider tube next following. Suppose this tube and those fol- 
lowing to the right to be vacuous; when the mercury in the 
valve 0 is lowered so as to uncover the end of the descending 
tube where it enters the wider tube, gas will bubble up through 
the mercury which stands in the wide tube, and the rate can 
be adjusted by altering the level of the mereury. When the 
flow is rather rapid, the bubbles burst with such force as to 
throw some mercury over into the short wide tube at the right, 
whence it flows back by the tube provided for the purpose. 
By the use of this valve, it is possible to exhaust everything 
to the right of o, and then to introduce any required volume of 
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gas from the store in n. At p are two drying tubes intended 
simply to prevent aqueous vapor produced at 7 from entering 
o or s, and interfering with their action. At s is a Sprengel 
pump. The mercury which operates it first falls through the 
tube ¢, kept exhausted by a Toepler pump fused tow This 
trap is made long as shown so that even when the gas in p, q, 
y is at atmospheric pressure, mercury falling into ¢ has still to 
pass through many centimeters of vacuum. At v is the jar in 
which the gas is transferred to the measuring apparatus. It is 
plain that, disregarding for the moment the apparatus 7, we 
can, on opening the valve o, transfer gas from the store in 2 to 
the jar at v. But the apparatus at 7 has sometimes to perform 
an office which has made it possible to obtain from impure 
gases results as accurate as from pure gases. It will be 
recalled that Humboldt and Gay-Lussac obtained, although 
they worked with very impure gases, results whose mean 
errors are comparable with those of Scott, whose gases were 
far purer. This was owing to the fact that they devised 
means for measuring the impurities of one gas by some 
process other than the eudiometrie explosions which determine 
the total nitrogen in both gases, and also the volume of the gas 
which has disappeared in the explosion. If Scott had suc- 
ceeded in refining on the methods of Humboldt and Gay- 
Lussac in this respect as much as in his methods of preparing 
and measuring the gases, he might well have attained a degree 
of accuracy satisfactory to himself and answering the present 
demands of science. The apparatus 7 was designed to make 
possible the determination of the nitrogen contained in the 
hydrogen used. It consists of a hard glass tube filled with 
copper oxide, and united to the rest of the apparatus by means 
of a mercurial seal. The apparatus to the right of 2 was dupli- 
cated for oxygen, except that the tube 7 contained copper in- 
stead of the oxide, and no drying tubes pp were needed. 

To get copper oxide which could be heated in a vacuum 
without giving off gas cost much trouble. Electrotype copper 
was oxidized in a current of oxygen; but when it was heated 
in a vacuum, it gave off a gas for a long time. In some cases, 
heating for several days answered the purpose; but some 
samples had to be rejected and the heating recommenced with 
a new sample. The gas given off was mostly absorbed by 
potassium hydrate, but as yet has not been further studied. 

The mano-barometer m served partly in preparing for weigh- 
ing the gas in the globe e, and partly in preparing for deter- 
mining the amount of nitrogen in the hydrogen by means of the 
apparatus 7, For the last purpose, an accuracy permitting 
readings to a thousandth of an atmosphere was sufficient ; the 
apparatus will therefore not be described at present. 


[To be continued. ] 
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Art. XXVI.—On the Intensity of Sound: A Reply to a 


Critic; by CHARLES K. Weap. 


SEVERAL years ago I published in this Journal* some results 
of experimental work on the sounds from tuning forks. The 
final results as given then in Table VI, col. 6, showed results 
agreeing far better than one might expect who knew the diffi- 
culties, both experimental and theoretical, inherent in the 
problem. 

The want of agreement, however, was great enough to attract 
the attention of Professor A. Stefanini, who, without repeat- 
ing the experiments, has attempted to dragoon the figures into 
line by mathematical processes. An abstract + of his paper 
indicates a total misapprehension of the problem, and the orig- 
inal ¢ (only recently accessible in this country) confirms this 
opinion of his work. 

The critic first verifies my formula (5) for the potential en- 
ergy of a bent fork, and then determines its mean kinetic 
energy during a vibration ; ; by a laborious process he finds this 
to be half of the potential energy at the extreme of vibration 
—a conclusion that is one of the common-places of the theory 
of simple harmonic motion. But having obtained this form- 
ula he inserts the numbers given in my Table VI, cols. 2 or 3, 
then divides by the surface of the hemisphere, whose radius is 
200 ft.; as the quotients for the different forks agree more 
closely than my results for S in col. 6, he thinks he is justitied 
in considering that his method of discussing the observations is 
the better one. 

Other attempts lead to similar conclusions and are based on 
the same utterly untenable premises. The critic considers the 
energy in the fork at any instant, and assumes tacitly that the 
sound given out is closely proportional to the energy: any one 
who has ever touched the stem of a vibrating fork to a sound- 
ing board, or held the fork before a suitable 1 resonator, should 

preciate readily the fact that it is not the amount of energy in 
the fork that is to be thought of in considering the intensity 
of the sound, but the rate at which energy is given up to the 
air. On this point text books are misleading when they say 
the loudness of sound is proportional to the square of the 
amplitude of vibration of the sounding body. 

No matter how much energy the body may have, it is only 
the small fraction being given off at any instant that can cause 
the sensation of sound—and indeed only a part of this is effec- 
* This Journal, IT, xxvi, p. 177, 1883. 


+ Beibl. Ann. Phys. Chem., xiii, 636, 1889. 
¢ Atti della R. Acc. di Lucca, xxv, 239-262, 1888. 
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tive in producing sound. Yet it is often assumed that the 
effective part of this fraction is a constant fraction of the total 
energy, for all amplitudes of vibration. The critic, I think, 
did this, as I can find no other possible explanation of the 
mistake he has made; but such an assumption is pure guess- 
work. 

In the paper referred to, a considerable part of the work re- 
ported bore on the determination of the rate of loss of energy ; 
it was found for example that, with Ut, fork at its maximum 
amplitude, it lost energy at a rate that would,if it had been 
continued uniform, have exhausted the supply in 44 see.; but 
when the amplitude was very small, the rate too was reduced, 
and the corresponding time was 15 sec. 

Stefanini, in a later paper,* criticises the form in which I 
write the exponent expressing the damping effect, viz: 


nt= 


Where 2’ and 2” are the amplitudes at the beginning and 
end of the time ¢4 He prefers to write it at”; he finds for 
several forks, whose vibrations he photographed, that m was 
tolerably constant for each fork; for different forks it varied 
between 0°84 and 0:94. An important difference between the 
two formulas is that according to Stefanini’s, the amplitudes at 
the end of successive equal times should be in a geometric 
series, or if the ratio of amplitudes is constant the intervals are 
constant ; according to my formula in the last case, the inter- 
vals will increase as the amplitude diminishes. Stefanini used 
long thin forks intended for producing Lissajous’s curves. 
From one of his tables (Tab. 1X, p. 330 for Sol,) we deduce 
the following: 


Time, arbitrary units- -. -- 0 10 20 30 40 50 60 
| eee 10 10 10 10 10 10 
Amplitude on photograph, 48°3 32°3 22°8 16°35 12°2 9:2 6°6 
1°50 1°41) =1°39 1°34 1°33 1°39 
My Table II, p. 182, gives for Sol, the following ratios equal 2. 
Amplitudes in div. ..........--.10-5; 8-4; 6-3; 4-2, 


Evidently the new formula does not fit any of the experi- 
ments exactly; like mine, it is only empirical, not rational; 
every experimenter must determine the formula that best fits 
his own conditions of working. 

In this second and longer paper the author attempts to de- 
termine experimentally by forks whether the intensity of sound 


* Beiblatter, xiii, 871. Atti, xxv, 307-400. 
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is to be measured by the energy or the momentum of the 
sounding body. Here unfortunately he falls into the old error, 
and tacitly assumes that the movement of the air corresponds 
exactly with that of the fork. 

On this perplexing subject of the measure of a sound-sensa- 
tion, most methods of experimenting are very faulty, as the 
following considerations will show: 

First. When the experiment is to determine either the 
minimum audible or the equality of two sounds, if the sensa- 
tions be the same, the causes must be the same; these causes 
are the movements of the particles of air near the ear, and the 
movements therefore being the same, their measure, whether 
as energy or momentum, must be the same. No discrimination 
then between rival theories can be made by the method of 
equal sounds. 

Second. It is tacitly assumed in most of the experiments 
that I know of, whether by dropping balls or hammers, or by 
telephonic arrangements of various kinds, that the efficiency of 
the apparatus is substantially the same under all conditions, 
and in none has it been determined. Any one familiar with 
modern mechanical measures knows how much attention is 
given to determining under all the varying practical conditions 
the efficiency of electric, thermal and other machinery. But 
such laborious work as that of Vierordt and his followers 
seems much like trying to determine the laws of vision by first 
producing equality of illumination between a tiny incandescent 
lamp supplied with current from a toy boiler, engine and 
dynamo, and a distant powerful are lamp with its boiler, engine 
and dynamo supplying it with many horse power, and then 
dividing the mechanical equivalent of the fuel used in each 
apparatus by the square of the respective distance from the 
eye or screen. Such a method might give the ratio of the 
efficiencies, but not anything of much value regarding the laws 
of vision. Every one knowsthat a ball falling on a metal plate 
will cause a louder sound than when falling on cloth; that is, 
the efficiency of the first as a sound-producing mechanism is 
much greater than the second; presumably if any other con- 
dition were changed, height of fall, weight of ball, material, 
etc., the efficiency would be changed; but experiments have 
been heaped up on the tacit but improbable assumption that 
it is not changed. 

In conclusion, I desire to point out that my determinations 
for S, the energy per sq. ¢.m. per sec. at the limit of hearing, 
must be taken as outside values; they must be multiplied by 
the efficiency of the apparatus as a sound-producer; certain 
experiments have led me to infer that for the Ut, fork the 
efficiency was about 7 per cent, as stated in the original paper ; 
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but this number is by no means certain, nor is it probably the 
same for all the forks; while the determination of its exact 
amount is doubtless difficult, I believe it will yet be made with 
fair accuracy. 

Attention is asked to a few corrections noted below. 


ERRATA. 


To vol. xxvi, Sept., 1883, p. 179, line 1, for 2V/ read 2V;,. 

Page 181, equation (12), for po, read p*. 

Page 185, line 14, read mean velocity of the end of the prong. 

Page 185, line 23, omit the exponent of J. 

Page 187, Table V, column 6, footing, for 2°5, read 1°3; column 8, for Sol,, read 
‘26 and 1°33, mean 1 3. 

Page 188, Table VI, column 5, 6, Ut,, read 2550 and 1100; Table VI, line Sol,, 
read 1.3; 127; °29; 3680; 1590; 200. 
Page 189, near close, read The smallest value of x to be obtained from 

Table VI, is (21x 10-8 em. for Ut, corrected) 9x 10 * cm. for Ut;; from Allard’s 
formula for n=1024 we get 21 x 10-® cm. 


Arr. XXVIL—TZhe Fireball in Raphae’s Madonna di 
Foligno; by H. A. Newron. 


In a recent Notice from the Lick Observatory,* Director 
Holden ealled attention to the fireball which Raphael painted 
in his picture, the Madonna di Foligno. Any facts relating to 
such a representation in such a picture cannot fail to be of gen- 
eral interest. 

Among the Italian pictures in the Yale School of Fine 
Arts is a copy of this painting by Terry, and the copy is of 
such excellence that it has been hung in a prominent place in 
a collection consisting otherwise of original Italian works. In 
the picture the Virgin is in the clouds, and underneath the 
clouds is a landscape with buildings. Upon the face of the 
sky and landscape is a rainbow, so placed as to suggest that the 
clouds under the Virgin’s feet were resting upon the bow. 
Under the bow isa fireball of a tolerably brilliant red color. 
It is rounded in front and tapers somewhat behind. Slightly 
separated from the ball is a long reddish cloud curving back 
across the sky along the path which the fireball has deseribed. 
This ball and cloud have sometimes been taken for a bomb and 
its track. The likeness of the representation to the usual pic- 
tures of bright fireballs and their trains, and the want of like- 
ness to a bomb and its train are manifest upon the most casual 
examination. I feel sure that Raphael did not mean to depict 
a bombshell. 

_ The introduction of a rainbow in a painting of the Madonna 
is not unique, and it may safely be assumed that its use is sym- 


* Publications of the Astronomical Society of the Pacific, vol. ii, p. 19. 
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bolic, and that the bow is not a mere ornament of the land- 
scape. In fact, if this last purpose had been the ruling one, 
we ought to have had a more natural representation of the 
rainbow, at least one more natural than that given in the copy. 
Moreover, since the painter placed a fireball and its train in 
close connection with the bow we are naturally led to ask what 
is the significance of such an unusual addition to the picture. 

The picture was paitited, it is said, in the year 1511 or 1512 
for Sigismondo dei Conti da Foligno, private secretary of Pope 
Julius II. In the foreground is the figure of Sigismondo 
kneeling. Sigismondo died on the 18th of February, 1512. 
He had been made Segretario domestico to the Pope in 1503, 
and in his old age is said also to have been made prefect of the 
reverenda fabbrica di San Pietro, to which he bequeathed a 
considerable fortune. In this office he must have come into 
relations with Raphael after the latter came to Rome in 1508, 
and shortly before his own death Sigismondo ordered the 
painting of the famous picture. Tradition says that it was 
made in fulfilment of a vow, but I am not aware of any historic 
basis for the tradition. It is not improbable that the fireball 
first suggested the idea that the picture was a votive offering. 
It is not unlikely, also, that the picture was actually painted 
after the death of the secretary. 

On the 4th of September, 1511, in the second hour of the 
night, there fell on the banks of the Adda near Crema, some 
leagues southeast of Milan, a number of stones. The following 
are accounts of this fall: 

1. From the manuscript diary of a shoemaker, Gioanni 
Andrea da Prato, who resided in Milan, Amoretti* quotes the 
following entry made contemporary with the stonefall. The 
manuscript was in the Ambrosian Library in Milan. 


“Ma prima che avanti col calamo scorra, dird siccome il giorno 
quattro di settembre a ore due di notte, e anche alle sette apparve 
in aere in Milano un tale splendore di corrente fuoco, che parea 
refarsi il giorno; e da alcuni entro vi fu veduta una similitudine 
@una grossa testa; il che diede alla citt’ gran maraviglia e 
spavento ; e il simile ancora accadette la notte seguente alle nove 
ore; poi dopo pochi giorni ultra il fiume Adda cascarono dal 
cielo molte prede (pietre) le quali raccolte furono nel Cremasco 
de libbre undici, e de libbre octo di colore simile a pietra arsa.” 


2. Bigot de Moroguest quotes from Pére Bonaventure de 
Saint-Amablet this account : 


* Opusculi Scelti, t. 22, p. 261, note; see also, Chladni, Feuer-Meteore, Wien, 
1819, p. 210, 

+ Mémoire historique et physique sur les chutes des Pierres, etc., Orléans, 
1812. p. 66. 

t¢ Annales du Limousin, vol. iii, p. 746. 
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“Le 4 septembre 1511, 4 Créme, en Lombardie, pendant un 
orage éponvantable, il tomba dans la plaine des pierres d’une 
grosseur considérable: six de ces pierres pesoient cent livres. 
On en porta une a Milan, qui pesoient cent dix livres. Leur 
odeur étoit semblable 4 celle du soufre. Des oiseaux furent tués 
en l’air, des brebis dans les champs, et des poissons dans l’eau.” 


3. Cardanus in a treatise De rerwm varietate* says: 


“Vidimus anno MDX cum cecidissent e coelo lapides circiter 
MCC in agrum fluvio Abduzw conterminum, ex his unum CXX 
pondo, alium sexagita delati fuerunt ad reges Gallorum satrapas 
pro miraculo, plurimi ; colos ferrugineus, durities eximia, odor 
sulphureus; praecesserat in coelo ignis ingens hora tertia: 
decidentium lapidum strepitus hora quinta exauditus. Ut mirum 
sit horis duabus tantam molem in iiere sustineri potuisse. Intra 
viginti menses pulsi Galli. Triennio post reuersi, varia prius 
fortuna, inde iterum pulsi, ad excidium profligati. Urbs nostra 
in cujus finibus ceciderant lapides, vectigalibus, incendio, fame, 
obsidione, peste nunquam alias vexata grauius.” 


4. Lubienietski+ quotes from Keckermann’s Syst. Phys., 1. 6, 
ce. 5, p. 890, as follows :— 


“1511. Suessanus Scaligeri praeceptor commemorat, anno 151], 
in Lombardia cometam instar ignei pavonis per iiera volitasse, e 
quo, cum evanuisset, tres lapides sulphurei deciderint, horum 
primus 160 libras, alter 60 libras, tertius 20 libras pondere 
aequavit.” 


Several other accounts are quoted, or referred to, by Chladni, 
some of which are apparently repetitions of one or other of 
the above. Cardanus wrote his account when he was well 
advanced in years, and the stonefall occurred when he was ten 
years old and living at Pavia near the place of fall. He is not 
a careful writer, and his story instead of being treated as that 
of an eye witness should be looked at as the rehearsal of what 
Cardanus had heard people say in his childhood. It well 
expresses the fears then so common which large meteors and 
comets caused to men, and the belief that they were omens of 
terrible significance. His date is evidently in error. We may 
well question nearly all the details of all the accounts, but that 
many stones fell and some were carried to Milan and other 
cities, can hardly be doubted. It is so far as I know the only 
detonating meteor falling in Italy during several years preced- 
ing 1512 of which an account has been preserved. I believe 
that Raphael meant to represent this Crema aerolite in his 
painting of the Foligno Madonna. 


* Reprinted in his works. see vol. iii, p. 278, Lyons, 1663. 
+ Theatrum Cometicum, vol. 1i, p. 320. 
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What men thought of such phenomena was shown on the oe- 
casion of the fall of the Ensisheim stone 19 years earlier. This 
fell near the lines separating the contending French and 
Imperial forces. Maximilian soon after the fall had the stone 
brought up to the castle and he held a council of state to con- 
sider what the stonefall meant. Sebastian Brant, in a poem 
describing the fall speaks of the terror it caused to the 
Burgundians and French. Eleven years later, that is, in 1503, 
Maximilian in a proclamation appealing for aid against the 
Turks includes the Ensisheim stonefall among other indications 
of divine favor. It is natural, therefore, to inquire whether the 
course of political events in Italy in the latter part of the year 
1511 and the earlier part of 1512 were such as to give the 
Crema stonefall in the minds of men special significance. 

In the summer of 1511 the French and their allies were 
waging war with the Pope and were in possession of Genoa, 
Ferrara, Milan and the neighboring regions of Lombardy. 
They captured Bologna May 23, 1511. The Pope went to 
Rome June 27. In July he succeeded in forming a secret 
league with England, Spain and Venice to attack France. On 
the 17th of August the Pope was taken seriously ill, became 
unconscious on the 21st, and recovered consciousness on the 
22nd. On the 1st of September the schismatic council at 
Pisa was organized. The Crema stones fell into the French 
territory Sept. 4th. The league between Spain, Venice, and 
the Pope was published Oct. 5th, and in November, England, and 
subsequently Maximilian joined the League. For a time success 
was with the French. On the 11th of April, 1512, the battle 
of Ravenna was lost by the papal forces and the Roman terri- 
tory was seriously threatened. But in spite of such temporary 
success the French were forced to withdraw in June altogether 
from Milan and northern Italy. What would be more natural 
to Raphael under such circumstances than to unite in the 
altarpiece that he was painting the fireball with the rainbow 
in order to symbolize at once Divine reconciliation and as- 
sistance 

So far as I know no specimens of the Crema aerolites have 
been preserved. The accounts say nothing about the direction 
of motion of the fireball. It seems more probable, however, 
that the motion was from the South or West than from the 
North or East. The earth’s quit was then about 8. 35° W., 
15° or 20° high. I have elsewhere shown that aerolites in 
general follow the earth in its orbit, and this makes a motion 
of this stone from the S. or W. quite probable. If it was 
moving from the East of South it would be more strikingly 
visible in Rome, and its appearance in Raphael’s painting may 
be due to a brilliant course across the Roman skies. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysICcS. 


1. On the Dead Space in Chemical Reactions.—In 1886, LiEs- 
REICH Called attention to the fact that in certain parts of a liquid 
in which a slow chemical reaction is taking place, either no 
change at all occurs or the change, if it take place, is diminished 
or retarded. This portion of the liquid in which the reaction is 
thus modified, he terms the “dead space.” In the present paper, 
he gives the result of experiments made to determine the cause of 
this phenomenon. In studying it, he finds the most satisfactory 
reactions to be (1) the separation of chloroform by the action of 
sodium carbonate upon chloral, and \2) the separation of iodine 
by the action of sulphurous acid upon iodic acid; the extent of 
the reaction being easily distinguished in the first case by the 
turbidity given by the chloroform and in the second by the color 
of the iodine. The dead space appears at the free surface of the 
liquid and is easily visible to the naked eye. In narrow spaces, 
such as capillary tubes for example, the reaction is either greatly 
retarded or entirely prevented, as is clearly seen when iodic and 
sulphurons acids, mixed with starch solution, are placed in such 
tubes. When the tube is somewhat wider, the reaction takes 
place only along the axis, a thin thread of blue being apparent 
there. In the paper forty figures are given to show the character 
of the dead space in vessels of various sizes and shapes. As to 
the cause of the phenomenon, the author proves that the dead 
space at the free surface of the liquid is not due to evaporation. 
He considers that the physical influence of the walls of the vessel 
and the surface-tension of the liquid play an essential part in 
producing the dead space, there being developed by these actions 
a certain viscosity in the region where it exists, which hinders 
the reaction. The fact that the extent of the dead space dimin- 
ishes with rise of temperature, is in favor of this view.—Zeitschr. 
Physikal. Chem., v, 529 ; J. Ch. Soc., lviii, 1207, Nov., 1890. 

G. F. B. 

2. New Principle of Determining Molecular Masses.—Accord- 
ing to van’t Hoff and Tammann, isosmotic solutions have equal 
vapor-pressures. So that, regarding the process of solution as 
equivalent to that of evaporation, the pressures of different solu- 
tions toward any special solvent, may be assumed subject to the 
same law. Consequently, if two isosmotic aqueous solutions be 
shaken with a given liquid, say carbon disulphide, this liquid 
will remove from each, equal quantities of water. If however, 
the osmotic pressure is different for the two aqueous solutions, 
that solution which has the lower osmotic pressure will lose more 
water than the other. The osmotic pressure of a solution, how- 
ever, is a function of the character and quantity of the dissolved 
salt; and hence the quantity of water given up will also be a 


~ 
| 
{ 
: 
q 


240 Scientific Intelligence. 


function of the dissolved salt. Nernst has now pointed out that 
since the osmotic pressure is also a function of the molecular mass 
of the dissolved substance, a relation must exist between this 
molecular mass and the quantity of the solvent which will be 
dissolved out of the solution by a second liquid. Now, theory 
indicates that the relative decrease in solubility toward a second 
liquid which a solvent undergoes, owing to the addition of some 
foreign substance is represented by the ratio of the number of 
molecules of the dissolved foreign substance to the number of 
molecules of the solvent. Hence,’ if 2 foreign molecules be dis- 
solved in 100 molecules of the solvent, and if a@ be the solubility 
of the pure solvent and @’ that of the solution, (a—a’) /a’=n/ 100. 
The correctness of this conclusion the author has proved experi- 
mentally, using solutions of various substances in valeric acid 
and in ether, the second liquid being water. If therefore, « grams 
of a substance whose molecular mass is M, be dissolved in 100 
gram-molecules of the solvent, »=«/M; and we have a means of 
determining the molecular mass of the dissolved substance simply 
by ascertaining the solubility of its solution in some second sol- 
vent. NeERnst also proposes a new use of the freezing point 
apparatus for determining molecular mass. If a mixture of two 
liquids, such as ether and water for example be cooled to a low 
temperature, the water will begin to freeze; and this will take 
place at a temperature below zero, depending on the amount of 
ether dissolved. If now a third substance be dissolved in the 
ether, this substance not being soluble in water, it is evident that 
the solubility of the ether in the water will be lessened and 
the freezing point of the aqueous solution will be raised. So that 
calling ¢, the freezing point of a solution of ether alone in water, 
and t the freezing point after the addition of m grams of a sub- 
stance of molecular mass M to 100 grams of the ether, t(t,—t)= 
74 m/100 M. For example, 2°04 grams benzene were dissolved 
in 100 grams of ether and raised the freezing point 0°08° (cor- 
rected). Calling E the “molecular depression” for ether alone 
which is 3°06, and ¢’ the corrected rise produced by the dissolved 
substance, the above expression reduces to M=Em/¢’. Substitut- 
ing the above numerical values, M=(3-06 x 2°04)+-0-°08=78-03, 
the calculated molecular mass of benzene being 78. Using ethyl 
acetate as the solvent, benzene gave values from 75 to 82, naph- 
thalene from 123 to 143, xylene from 101 to 118, toluene from 
93 to 100, chloroform from 113 to 137 and phenyl benzoate from 
222 to 255.—Zeitschr. physikal. Chem., vi, 16; J. Chem. Soc., 
Iviii, 1368, Dec., 1890. G. F. B. 
3. On the Occurrence of free Fluorine in Fluorite.—Certain 
varieties of fluor spar are known to emit a peculiar odor when 
struck, which odor has been variously explained by different chem- 
ists. Herrgott supposed the odor to be due to fluorine, Schaff- 
hiiutl to hypochlorous acid, Schrétter to ozone, Schénbein to 
antozone (given the name antozonite to a variety of fluorite which 
emitted a very strong odor on fracture), Wyrouboff to a hydro- 
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carbon and Loew to fluorine from dissociated cerium fluoride. 
BEcQUEREL and Motssan have examined the fluorite of Quincié 
near Villefranche, which is markedly odorous; and they find that 
a gas is contained within this mineral, which can be seen to 
escape on breaking it under the microscope. On trituration this 
substance evolves ozone, sets chlorine free from chlorides, pro- 
duces silicon fluoride on heating with silicon and gives hydrogen 
fluoride with water. All these results seem to indicate that the 
gas enclosed in this variety of fluorite contains a small quantity 
of free fluorine—C. R., exi, 669; Ber. Berl. Chem. Ges., xxiv, 
(Ref.) 4, January, 1891. G. F. B. 

4. On the Chemical condition of Iodine in its Solutions.— 
GauTIER and Cuarpy have observed a remarkable relation be- 
tween the color of iodine solutions and the character of the iodides 
formed by the iodine which they contain. Thus solutions in 
alcohol, ether, acetone, etc., are reddish-brown in color, while 
solutions in carbon disulphide and chloroform are violet. If mer- 
cury containing dissolved lead be agitated with the brown solu- 
tion, a yellow precipitate of lead iodide is produced so long as 
lead remains in the mercury or iodine in the solution; minute 
traces of lead only being required to show it. If, however, the 
experiment be repeated with the violet solution a green precipi- 
tate of mercurous iodide results; and this equally whether the 
mercury be pure or whether it contains so much lead as to be 
pasty. With solutions having colors lying between these ex- 
tremes, precipitates are obtained passing from yellow to green in 
the same proportion as the solution passes from brown to violet. 
A closer investigation seems to show that the iodine in the violet 
solutions combines directly with mercury to form the green 
iodide, even in presence of an excess of iodine; while the brown 
solutions give mercuric iodide which dissolves in the solvent. 
(HgI, being soluble to the extent of 0°00842 parts in alcohol and 
only 0°00280 in carbon disulphide at 15°), and which facilitates 
the formation of the lead iodide; mercurous iodide not appearing 
until no more free iodine exists in the solution. The authors 
attribute this dissimilar behavior of iodine solutions to the sup- 
posed fact that the violet solutions contain iodine molecules of 
simpler constitution than do the brown solutions; a relation 
evidently existing between the color of the solutions and their 
molecular constitution.—C. &., cxi, 645; Ber. Berl. Chem. Ges., 
xxiii, Ref. 757, January, 1891. G. F. B. 

5. On the Properties of Carbon produced from Cyanogen.— 
P. and L. ScutTzENBERGER have examined the carbon which is 
obtained on passing cyanogen gas through a porcelain tube heated 
to a temperature near softening. It formed a dense polished 
layer on the walls of the tube, resembling graphite. On putting 
into the tube a boat of retort carbon covered with cryolite, how- 
ever, the decomposition takes place at a cherry-red heat; the tube 
becoming gradually filled with a blackish-green deposited carbon 
(A) consisting of a fibrous elastic mass, the fibers being felted 
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together and more compact on the edges. If a rod of aluminum 
be placed in the boat, a felted but non-elastic mass of carbon is 
deposited which can be kneaded and can be compressed into a 
mass like graphite (B). The variety (A) was treated with fuming 
nitric acid and potassium chlorate for 24 hours at 20° to 25°. A 
dark chestnut-brown pewder remained undissolved, having the 
composition C,,H,O,. Further heating with the oxidizing mixture 
to 50°-60°, converted it into a bright brown-yellow powder, 

»yH,O,, burning energetically when heated. Substances essen- 
tially similar were obtained from (B). It would appear that this 
carbon is not identical with either of the three varieties exam- 
ined by Berthelot, although it resembles somewhat his “ electric 
graphite.” This latter, however, gives on oxidation a dark brown 
powder, which leaves on ignition a granular heavy residue ; while 
the cyanogen carbon gives a bright brownish yellow oxidation 
product, yielding on ignition a fine light powder. From retort- 
carbon, however, the authors obtained the bright brownish yellow 
oxidation product; and they propose for such substances the 
name ‘“carboxydhydrates.— C. R., cxi, 774; Ber. Berl. Chem. 
Ges., xxiv, Ref. 2, January, 1891. G. F. B. 

6. Principles of General Organic Chemistry ; by Prof. E. 
Hse1t.—Translated by J. Bishop Tingle, Ph.D., F.C.S. 12mo, pp. 
x, 220. London, 1890. (Longmans). This little volume treats 
of the philosophy of organic chemistry. Ordinary text-books, 
devoted to the description of organic compounds, if complete, 
are encyclopedic; and the student is apt to lose sight of the 
philosophy in the mass of the facts. This book is intended to 
supplement the ordinary manuals. In its first part the compo- 
sition of organic compounds is considered. In the second, their 
physical properties. And in the third, their general behavior. 
The statements made are clear, concise and accurate, and the 
principles laid down are illustrated by numerous examples. The 
book is well translated, and its mechanical execution is neat and 
substantial. 

7. Photographic action of Electromagnetic Waves.—FRANZ VON 
Dosrzynski claims to have obtained photographic indications of 
electromagnetic waves in air, employing the method of producing 
these waves which has been described by Hertz. The plane of 
the negatives either included the axis of the vibrator or was at 
right angles to it, and the time of exposure was three hours. 
The action was visible after development by the appearance of 
alternating bright and dark bands across the direction of vibra- 
tion of the waves, or by the appearance of dark bands in the 
direction of the vibration. The author concludes that waves of 
from 0°6 to 20 cm. are effective, and promises a further account 
of his experiments.— Wiener Berichte, Oct. 9, 1890. J. T. 

8. Measurement of Dielectric Constants by means of Hertz’s 
Phenomenon.—E. Lecuer has continued the work of J. J. Thom- 
son on this subject, and has compared the results obtained by the 
method of electrical oscillations with those obtained by his other 
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methods, which are fully described in Lecher’s paper. The fol- 
lowing table gives the results : 
Time of 


charging - Dielectric constants. a 
in seconds, Mirror glass. Solin glass. Rubber. Petroleum. Water. 


08797 cm. 0°4338cm. 0°7164cem. 1°9272cm. 1°9342 cm. 
05 4°67 4°64 2°64 Not measured. 
0:0005 5°34 5-09 2°81 235 oo 
0:00000003 6°50 301 242 

These results show a marked increase in the constant when it 
is measured by the quick method of oscillation. The author dis- 
cusses the cause of this variation and points out that Hertz’s 
phenomenon is so complicated that slower methods of charging are 
likely to give better results in determinations of the dielectric 
constants.— Ann. der Physik, No. 1, 1891, pp. 142-153. 4. T. 

9. Limit of Solar Spectrum in the Ultra Violet.—Dr. O. 
Srmony has obtained photographs of the solar spectrum on the top 
of the Peak of Teneriffe and also at Courtenay. The following 
results were obtained : 


Photographs Altitude ‘Wave length.—_——-— 
obtained at in meters. Last trace. Beginning of end. 


292-2 293°7 
284°8 298°0 
— Comptes Rendus, Dec. 22, 1890. J. T. 

10. Recent progress in Spectrum Analysis. In the Johns 
Hopkins University Circular for Feb., 1891, Prof. H. A. RowLanp 
gives an account of recent work done at Baltimore in the study 
of the spectra of the various elements and the identification of 
the lines in the solar spectrum. The spectra of all the known 
elements, with the exception of a few gaseous ones or those too 
rare to be obtained (see list below), have been photographed in 
connection with the solar spectrum, from the extreme ultra violet 
to the D line, and eye observations have been made to the limit 
of the solar spectrum. In connection with this work, the spec- 
tra of some of the elements have been drawn on a large scale for 
publication, and the greater part of the lines in the map of the 
solar spectrum have been identified. The following table, from 
the author’s observations, gives the elements in the sun, arranged 
first according to intensity and second according to number of 
lines in the solar spectrum. Lists of doubtful elements, those not 
identified and finally those which have not yet been tried are 
given also. 

Of the solar elements, attention is called to silicon, vanadium, 
scandium, yttrium, zirconium, glucinum, germanium, erbium as 
possibly new. Silicon has lines at wave lengths 3905-7, 4103-1, . 
5708°7, 5772°3 and 5948°7. That at 3905-7 is the largest and 
most certain; that at 4103-1 is claimed also by manganese. 

These tables are regarded as preliminary only, especially the 
order in the first portion. However, being made with such a 
powerful instrument and with such care in the determination of 
impurities, they must still have a weight superior to most others 

AM. Jour. SERIES, VoL. XLI, No. 243.—Marcu, 1891. 
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published. The substances under the head of “ Not in the Solar 
Spectrum ” are often placed there because the elements have few 
strong lines or none at all in the limit of the solar spectrum, 
when the are spectrum, which was used, is employed. Thus 
boron has only two strong lines at 2497. Again, the lines of 
bismuth are all compound and so too diffuse to appear in the solar 
spectrum. Indeed, some good reason generally appears for their 
absence from the solar spectrum. Of course, this is little evi- 
dence of their absence from the sun itself; were the whole earth 
heated to the temperature of the sun, its spectrum would prob- 
ably resemble that of the sun very closely. 


Elements in the Solar Spectrum. 


According to Intensity. According to Number. 
Calcium. Zirconium. Tron (2000 +) Magnesium (20+) 
Tron. Molybdenum. Nickel. Sodium (11). 
Hydrogen. Lanthanum. Titanium. Silicon. 
Sodium. Niobium. Manganese. Strontium, 
Nickel. Palladium. Chromium. Barium. 
Mangnesium. Neodymium. Cobalt. Aluminium (4). 
Cobalt. Copper. Carbon (200 +) Cadmium. 
Silicon, Zine. Vanadium. Rhodium, 
Aluminium. Cadmium. Zirconium. Erbium. 
Titanium, Cerium. Cerium. Zine. 
Chromium, Glucinum. Calcium (75 +) Copper (2). 
Manganese. Germanium. Scandium. Silver (2). 
Strontium. Rhodium. Neodymium. Glucinum (2). 
Vanadium. Silver. Lanthanum. Germanium. 
Barium. Tin. Yttrium. Tin. 

Carbon. Lead. Niobium. Lead (1). 
Scandium. Erbium. Molybdenum. Potassium (1). 
Yttrium. Potassium. Palladium. 


Doubtful Elements.-—Iridium, osmium, platinum, ruthenium, tantalum, thorium, 


tungsten, uranium. 
Not in Solar Spectrum.—Antimony, arsenic, bismuth, boron, nitrogen (vacuum 
tube), caesium, gold, indium, mercury, phosphorus, rubidium, selenium, sulphur, 


thallium, praeseodymium. 
Substances not yet tried.—Bromine, chlorine, iodine, fluorine, oxygen, tellurium, 


gallium, holmium, thulium, terbium, etc. 

In conclusion, Prof. Rowland adds, “ Even after comparing the 
solar spectrum with all known elements, there are still many im- 
portant lines not accounted for. Some of these I have accounted 
for by silicon and there are probably many more. Of all known 
substances this is the most difficult to bring out the lines in the 
visible spectrum although it has a fine ultra-violet one. Possibly 
iron may account for many more, and all the elements at a higher 
temperature might develop more. Then, again, very rare ele 
ments like scandium, vanadium, etc., when they have a strong 
spectrum, may cause strong solar lines and thus we may look for 
new and even rare elements to account for very many more. In- 
deed, I find many lines accounted for by the rare elements in 
gadolinite, samarskite and fergusonite other than yttrium, erbium, 
scandium, praeseodymium, neodymium, lanthanum and cerium, 
which I cannot identify yet and which may be without a name. 
For this reason, and to discover rare elements, I intend finally to 
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try unknown minerals, as my process gives me an easy method of 
detecting any new substance or analyzing minerals however 
many elements they may contain.” 


IL Grotocy AND MINERALOGY. 


1. Discovery of fish remains in Lower Silurian Rocks.—At 
a meeting of the Biological Society of Washington, on February 
7th, 1891, Mr. Cuartes D. Watcort, of the U. S. Geological 
Survey, announced the discovery of vertebrate life in the Lower 
Silurian (Ordovician) strata. He stated that “ The remains were 
found in a sandstone resting on the pre-Paleozoic rocks of the 
eastern front of the Rocky Mountains, near Caiion City, Colorado. 
They consist of an immense number of separate plates of placo- 
ganoid fishes and many fragments of the calcified covering of the 
notochord, of a form provisionally referred to the Elasmobranchii. 
The accompanying invertebrate fauna has the facies of the 
Trenton fauna of New York and the Mississippi valley. It ex- 
tends upward into the superjacent limestone and, at an horizon 180 
feet above the fish beds, seventeen out of the thirty-three species 
that have been distinguished are identical with species oecurring 
in the Trenton limestone of Wisconsin and New York. 

‘Great interest centers about this discovery from the fact that 
we now have some of the ancestors of the great group of placo- 
derm fishes which appear so suddenly at the close of the Upper 
Silurian and in the lower portion of the Devonian groups. It 
also carries the vertebrate fauna far back into the Silurian and 
indicates that the differentiation between the invertebrate and 
vertebrate types probably occurred in Cambrian time.” 

Mr. Walcott is preparing a full description of the stratigraphic 
section, mode of occurrence and character of the invertebrate and 
vertebrate faunas for presentation at the meeting of the Geolog- 
ical Society of America, in August, 1891. 

2. On Burrows and Tracks of Invertebrate Animals in 
Paleozoie Rocks, and other Markings; by Sir J. Wii11am 
Dawson. (Quart. Jour. Geol. Soc., November, 1890, vol. xlvi. 
(London) pp. 595-618).—The author states that in this paper it 
is intended to contribute “Some recently acquired facts to the 
solution of questions connected with these often problematical 
markings.” It is a well-known fact that the distinguished 
author, who has contributed far more to the elucidation of the 
American pre-Carboniferous flora than any other paleo-botanist, 
has not claimed botanical affinities for many of the so-called 
fossil plants; but, on the contrary, has adduced proof of their 
invertebrate or inorganic relationship. Dr. Dawson’s investiga- 
tions as a geologist and paleontologist, who has carefully studied 
both invertebrate and plant remains of the Paleozoic rocks, gives 
him a richer store of facts in reference to these organisms than it 
had been the fortune of many other paleontologists to possess 
who described and named many of the fossils under consideration. 
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The Bilobites are considered in the second section of the article 
and it is concluded that ‘“‘so far as American examples are con- 
cerned ” the forms referred to the following genera, viz: Rusich- 
nites Dn. = Rusophycus Hall, Arthrichnites Dn. = Arthrophycus 
Harlan, Cruziana D’Orb., Climactichnites Logan. Frena Rouault 
and Crossochorda Schimper (in part), were the burrows and 
tracks of marine animals, generally Crustaceans, although some 
may have been produced by Chetopod worms. 

Scolithus linearis Hall and S. Canadensis Billings, from the 
Potsdam sandstone, are worm-burrows, as is clearly shown by the 
photograph of a slab with characteristic Scolithus markings from 
Perth, Ontario. A similar origin was assigned to the Fucoides 
graphicus Van. and F. verticalis Hall, from the Portage sand- 
stones of New York, by Dr. H. 8S. Williams in Bulletin No. 41 of 
the U. S. Geological Survey. The genus Sabellarites is proposed 
for certain forms, regarded as worm tubes, from the Black River 
limestone and the Quebec group. 

It must not be inferred that Sir William has rejected all of the 
Silurian and Devonian fossil alge; because, there are certain 
types which he as emphatically affirms are true Fucoids. As 
examples may be cited Buthotrephis gracilis Hall of the Cambro- 
Silurian and B. Grantii Dn., from the Niagara group of Canada. 
Although the distinction between branching plants and branching 
tracks seems very difficult to the superficial observer, it is stated 
as a general rule by the author, that “The latter are gener- 
ally of the nature of more or less cylindrical bodies, diverging or 
radiating from a common center; while the former display either 
alternate ramification or bifurcation.” 

Perhaps section VIII, which closes the paper, is the one of 
most general interest and about which there is the greatest 
diversity of opinion. The author briefly describes “ Rill-marks, 
as distinguished from animal- or plant-impressions,” and mentions 
“the genera Dendrophycus, Delesserites, Vexillum, Aristophycus, 
Chloéphycus, Tricophycus of authors as examples of genera which 
contain, or consist of, examples of Rill-marks.” Two figures are 
given of these rill-markings from the Carboniferous of Nova 
Scotia, which are stated to be “ taken from surfaces unquestion- 
ably sculptured by water,” and it appears that one of these, tig. 
18, is very similar to forms that have been described by Les- 
quereux and Newberry as Dendrophycus. Recently Professor 
Joseph F. James has called the Dendrophycus triassicus of New-_ 
berry a rill-mark (Am. Naturalist, vol. xxiii, p. 1080), which has 
called forth a rejoinder from its describer, re-affirming his original 
opinion (Jdem., vol. xxiv, pp. 1068, 1069). Cc. 8. P. 

3. Annual Report for 1889 of the Geological and Natural 
History Survey of Minnesota, N. H. WincuHet1, State Geolo- 
gist.—This eighteenth annual report of the Minnesota Survey 
contains a report of field observations by N. H. Winchell, made 
by him and Mr. H. V. Winchell. These include an account of 
the Mesabi iron range of the crystalline rocks of the Minnesota 
Valley, the discovery of gold in the Keewatin in northern Minne- 
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sota, and other notes on the Archean rocks, and iron ores of other 
localities. A dozen pages are devoted to further observations on 
the typical Huronian and on the rocks about Sudbury, Ontario. 
150 pages are occupied with a review by Prof. Alexander Win- 
chell, of the opinions of various American authors “ on the older 
rocks,” with the purpose of preparing the way for the settlement 
of the many mooted questions on the Archean. The status of 
of the Huronian is one of them—a topic discussed by the author 
at length, also in a paper just published by the Geological Society 
of America. 

4. Remarks on the Perisomic Plates of the Crinoids; by 
CuarLes R. Keyes. (Communicated.)—In an important con- 
tribution recently made to crinoid morphology* the data have been 
derived largely from fossil material. This memoir deals chiefly 
with the structural elements of the ventral covering in several 
groups of stalked echinoderms; the “‘interradial” plates; and 
the relations these hold to one another and to those of the 
tegmen. Heretofore some authors have imagined that the disk 
of paleozoic crinoids was overlaid by a second covering which 
was not present in the recent forms, but this view is manifestly 
erroneous. As to the plates between the rays, all writers have 
discriminated between “calyx” and “disk” interradials, the 
former term being applied to the massive well-formed plates of the 
earlier crinoids; the latter to the small irregular perisomic pieces 
of the later forms. Contrary to the generally held opinion the 
investigations of Messrs. Wachsmuth and Springer indicate that 
all plates between the rays and their subdivisions are parts of the 
same element and that in geologic times the rigid integument, 
such as is found in the later Camarata, gradually became evolved 
from the thinly plated disk of early species. The heavy “ inter- 
radials” are therefore to be regarded as modified perisomic pieces. 

In regard to the ambulacra observations show that these 
features may be tegminal or subtegminal even among species of 
the same genus; and that they are more frequently exposed in 
the earlier crinoids. From a comparison of young and adult 
individuals it is further assumed that in the latter forms the 
ambulacra are often exposed near the margin of the tegument 
while in other species they are altogether hidden from view. 
Thus the tegminal ossicles encroach from each side of the am- 
bulacra and finally close above them, crowding the ambulacral 
skeleton inward. 

In the Fistulata all plates between the ambulacra, and between 
radials and orals are perisomic. In most of the species the ven- 
tral sac is porous, while in others there is anterior to the inflation 
a perforated plate like the madreporite of the urchins. The 
Larviformia are now restricted to forms having the ventral 
surface composed of orals only, with no perisomic plates. 


_ *Perisomic Plates of the Crinoids. By Charles Wachsmuth and Frank 
Springer. Proc, Acad. Nat. Sci. Phila., 1890, pp. 345-392, with two plates. 
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The origin and development of the anal plates in the Fistulata 
is of peculiar interest. Some time ago Mr. F. A. Bather in dis- 
cussing the subject distinguished two separate pieces; the 
“radianal” or azygous ossicle and the “ brachianal” or special 
anal plate. As to the first there now seems to be but little doubt 
that it is actually the lower section of the compound right-pos- 
terior radial which in some groups served as an anal. Regarding 
the second plate Messrs. Wachsmuth and Springer differ very 
materially from Mr. Bather, in considering that there is no 
sinking of the anal tube, nor a shifting of the radianal; and 
that with the widening of the anal area, a new plate was 
introduced between the radials. The radianal does not appear 
to change its position, but rests within the angle of two basals. 
The plate, which in Jocrinus rests upon the radials, and which, 
in Poteriocrinus is said to have passed down to the basals, is a 
plate of the tube. 

5. Bulletins 2 and 3 of the Geological Survey of Missouri ; 
Artuur Winstow, State Geologist, December, 1890.—Bulletin 
No. 2, covering 158 pages, is occupied with a bibliography of the 
geology of Missouri, by F. A. Samson. It derives special value 
from its giving full lists of the fossils described in the various 
publications referred to, and notes on other topics. Bulletin No. 
3 contains a paper by G. A. E. Lapp on Clay, Stone, Lime and 
Sand industries of St. Louis city and couuty; and another by A. 
E. Woowarp on the mineral waters of Henry, St. Clair, Johnson 
Benton counties. The first of these valuable papers is illustrated 
by several photo-engravings. 

6. Second Geological Survey of Pennsylvania: Oil and Gas 

Region, I 5. pp. i-viii, 1-356, maps, 1890; Atlas Southern 
Anthracite Field, Part III, AA. 1889; Dictionary of Fossils, 
volumes II and III, P4, pp. 439-914, 915-1283, 1889.—Report 15 
discusses the progress and condition of the oil and gas regions 
during 1887 and 1888, and presents statistical tables showing the 
steady decline in the yield of both these products. The theory of 
hydrostatic pressure, as applied to gas pressure in wells, is 
opposed by Mr. Carll, the author of this report. The Dictionary 
of Fossils is brought to a completion. While of considerable 
value as a compilation, it lacks the elements of a critical scientific 
work, 
7. Geological Survey of New Jersey.—Final Report of the 
State Geologist, vol. ii, Trenton, 1889. The first volume of the 
final report was noticed in vol. xxxvii, 1889 (p. 232). This second 
volume is devoted to the Natural History of the State and con- 
tains a catalogue of minerals found in New Jersey by F. A. 
Canfield (pp. 1-24) and a catalogue of plants by N. L. Brittor 
(pp. 25-619). Tables giving the distribution of the plants close 
the volume. 

8. On a group of volcanic rocks from the Tewan Mountains, 
New Mexico, and on the occurrence of primary quartz in certain 
basalts ; by J. P. Ipp1nes. 32 pp., 8vo. Bulletin 66, of the U.S. 
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Geol. Survey, 1890.—The following important conclusions are de- 
duced by Mr. Iddings from his study of the Tewan volcanic rocks. 

(1) The collection of rocks from the Tewan mountains, New 
Mexico, though small, shows a gradual transition in mineral com- 
position from rhyolites through andesitic rocks to basalts. (2) 
The whole series is characterized by a variable amount of porphy- 
ritical quartz in rounded grains, which is very noticeable in some 
of the basalts. (3) These quartzes are primary secretions or 
erystallizations from the molten magma and exhibit no definite 
relation to its chemical composition, being present, in or absent 
from, rocks of similar chemical composition. (4) Their produc- 
tion is to be referred to certain physical conditions attending 
some earlier period of the magma’s existence. Mr. Iddings also 
infers (5) from analogy with the occurrence of iron-olivine in 
rhyolitic obsidian, that the formation of the quartz in the basalt 
took place through the influence of water-vapor while the magma 
was under considerable pressure. 

9. Hlementary Geology ; by Cuar.tes Birp. pp. i-vi, 1-248, 
247 illustrations and map. Longman’s Elementary Science Man- 
uals, 1890.—A convenient compilation of the general facts of 
Geology in attractive form and especially adapted to the British 
student. It is designed primarily to arouse an interest in natural 
phenomena and outdoor objects, and also to enable the student to 
gain, through examination, a South Kensington certificate. In 
subsequent editions, it would be well to orient a number of the 
illustrations which now are placed in various unnatural positions. 

10. Allgemeine und Chemische Geologie.—Dritter band, Erste 
Abtheilung. Allgemeine Geologie von Justus Roru, 210 pp. 
Berlin, 1890, (Wilhelm Hertz). The third volume is now begun 
of this well known and highly valued work. The greater part of 
the number is given to the discussion of the subject of metamor- 
phism, more especially that of local or contact nature. So man 
important facts and observations have been gradually collected 
on this last subject, that their collection together and orderly 
arrangement are a great advantage to all interested in this 
department of geology. 

11. On Black Rutile from the Black Hills ; by W. P. Heap- 
DEN, with a note on the crystals by L. V. Pirsson (communi- 
cated).—The material which forms the subject of this note was 
found among some specimens of tin ore in the cabinet of the 
School of Mines of South Dakota. The specimen was without 
label and no locality was attached to it; it is, however, quite cer- 
tain that it is from the Harney Peak district of the Black Hills, 
probably from the immediate neighborhood of the Etta mine, 
Pennington Co. The crystals formed aggregates usually sur- 
rounded by and always associated with muscovite in a mass of 
feldspar. The crystals are small, deep black and have a brilliant 
metallic luster; in form they have the aspect of orthorhombic 
prisms terminated by a macrodome. Hardness, 6; Sp. gravity, 
5294, Streak and powder, grayish-black. BB. unchanged and 
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infusible with phosphorus salt, reacts for titanic acid and iron. 
Two analyses of carefully selected material gave the following 
results : 


8°10 7°92 


trace 


100°10 


The iron is assumed to be present as FeO, but the state of oxi- 
dation was not determined. The presence of SnO, in the min- 
eral was known before the material for these analyses was selected 
and with the greatest care no cassiterite could be recognized in 
the mass; as the larger number of the fragments showed portions 
of crystal surfaces, and as the material is easily and completely 
decomposed by potassic hydric sulphate it is very improbable 
that the stannic oxide in the analysis is due to the presence of 
admixed cassiterite. Since the crystals did not bear any obvious 
resemblance to the known forms of titanic oxide, they were sent 
to E. S. Dana and were identified by him as twins of rutile, un- 
usual in form as they are remarkable for their high specific grav- 
ity. Since then they have been more minutely studied by Mr. 
Pirsson, who gives the following account of them. 

Note by Z. V. Pirsson.—The crystals, of which a series of 
seven was examined, are not suited for accurate measurement, the 
faces giving faint and diffused reflections of the signal of the 
goniometer and sometimes no reflection at all; this is due to the 
fact that the surfaces are all more or less etched and pitted, while 
the polished points between are curved or broken. By using a 
condenser and the 9 ocular of Websky enough light, was collected 
in several cases to give signals which afforded fairly accurate 
measurements. These showed the following forms to be present : 
a, t-t, (100) ; e, 1-7, (101); 8, 1, (111). These were identified by 
the following calculated and measured angles : 


Cale. Meas. 
ena (101.100) 57° 128’ 57° 10%,57° 20" 
ana(l00.100) 65° 344’ 65° 50’, 66° 08" 
Sas (11LA111) 58° 524’ 56° 50’, 56° 45’, 56° 38” 


There were also a few other forms present on some of the crys- 
tals, but these could not be identified with any certainty for the 
reasons mentioned. The apparent orthorhombic symmetry of 
these crystals, due to the extension of one pair of unit pyramids 
and the absence of the other two is shown in the accompanying 
figure. It illustrates the largest crystal examined, which is about 
3™™ broad and wide by nearly 2™™ thick. That end of the crys- 
tals where the re-entrant angle due to twinning should appear is 
always broken and imperfect as if they had been attached at that 
point. Somewhat similar forms of rutile have been described by 
Miklucho-Maclay, Jahrb. Min., ii, 88, 1885. 
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12. Occurrence of Tin in Central Texas ; by Turopore B. 
Comstock. (Communicated.)—The recent newspaper reports of 
the existence of tin ores in Central Texas have had origin in the 
official announcement in November by the State Geologist of the 
discovery by the writer of good specimens of cassiterite in several 
localities in Llano and Mason Counties. As yet no workable 
deposits have been found, but the indications are such as to 
encourage prospecting, if conducted in accordance with the 
knowledge of the structure acquired by the Geological Survey. 

The cassiterite has all been found in a belt of the lowest 
Archean (Burnetan) rocks, trending N. 75° W. through Llano 
and Mason Counties, with a short extension eastward across the 
Colorado River into Burnet County. In many places this field is 
complicated by the effects of later upheavals, the structure in 
detail having been described in the First Annual Report of the 
Texas Geological Survey.* Some very interesting observations 
concerning the associations of the tin ore, its special area of dis- 
tribution along a single axis of the Burnetan system, and its 
relations to an interesting series of rare minerals can only be 
hinted at here, but they will be shortly announced in the 2d Annual 
Report now in the printer’s hands. The writer has made a thor- 
ough examination of the district and has prepared accurate maps 
and sections to illustrate the stratigraphy. Very much of the 
material which has been reported as tin ore from this district is 
keilhauite, tourmaline or black garnet, but the cassiterite has been 
collected by members of the writer’s Division of the Survey from 
four localities besides the one in which an old furnace was dis- 
covered with tin globules in the slag dump. 

Austin, Texas, Jan. 24, 1891. 

13. Brief notices of some recently described Minerals.—P1na- 
KIOLITE is a new borate of manganese and magnesium described 
by Flink from Lingbhan, Wermland, Sweden. It occurs in small 
orthorhombic crystals imbedded in limestone. Cleavage brachy- 
pinacoidal ; hardness = 6; sp. gravity= 3°881; color black. An 
analysis, alter deducting impurities, gave: 

B.O3 Mn;0, Fe;0, MgO CaO PbO 

16°05 50°63 guia 29°30 1°12 0°78 = 100. 
For this the formula 3MgO. B,0O,+MnO.M,0, is calculated 
which brings it into relation with ludwigite and sussexite.—Zs. 
Kryst., xviii, 361, 1890. 

TRIMERITE is a silicate of beryllium, manganese and calcium ; 
also described by Flink (I. ¢.) from the Harstig mine, Wermland. 
The crystals have a hexagonai form, but are shown optically to 
be pseudo-hexagonal and twins of triclinic individuals. Cleavage 
basal; hardness 6-7; sp. gravity=3'474; color pink. An anal- 
ysis gave: 

SiO. BeO MnO FeO CaO MgO 
39°77 17°08 26°86 3°87 12°44 0°61 = 100°63. 


* Preliminary Report on the Geology of the Central Mineral Region of Texas. 
By Theo. B. Comstock, F.G.S.A. Iu Ist Ann. Rep’t of State Geologist, 1889, pp. 
255-267, ete. 
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This gives the formula Be,SiO,.Mn,SiO,, or equivalent to 
phenacite + tephroite, and Brégger (ib., p. 377) shows that in form 
also it forms a transition from the rhombohedral phenacite to the 
orthorhombic tephroite. 

HINTZEITE is a new borate from Stassfurt, described by Milch 
from Stassfurt. It occurs in small monoclinic crystals, colorless 
or white, imbedded in pinnoite. Hardness=4°5-5; sp. gravity 
2°127. Analysis by Baurath gave: 

MgO K,0 Na,O Cl H 

52°39 13°80 8°14 0°39 0°35 23°83 = 98°90. 
For this the formula KMg,B,O,,.8H,O is calculated.—Zs. 
Kryst., xviii, 478. 

HEINTZITE is described as a new borate by Luedecke. It oc- 
curs in monoclinic crystals associated, like the above Hintzeite, 
with pinnoite, and although the descriptions do not entirely 
agree it can hardly be doubted that they are the same mineral. 
There is a striking similarity in the angles given. Analysis gave: 

B20; 60°53 MgO 12°23 K,0 7:39 H,O 19°85 = 100. 


For this the formula is calculated H,|KMgB,,0,, . 6H,O.—Jdid., 
p. 481. 

CasTanIiTE is a hydrous ferric sulphate described by Darapsky 
from the Sierra Gorda, S. America. It is found in prismatic 
crystals of a chestnut-brown color. Hardness=3; sp. gravity= 
2°18. Analysis gave: 

SO; 33°80 Fe,03 33°92 H.0 30°76 barite 1°15 = 99°63. 


The formula is Fe,O,.2SO,.8H,O, or like that of amarantite 
except that it contains one more molecule of water.—Jahrb. Min., 
ii, 267, 1890. 

FALKENHAYNITE is a sulphantimonite of copper, from Joachims- 
thal, allied to wittichenite. It is only known in a single specimen 
in which it is associated with chalcopyrite and siderite. An 
analysis after deducting a large amount of a carbonate of iron 
and magnesium, also quartz, gave : 


Ss Sb As Bi Cu Fe Zn 
23:10 4°77 0°32 39°51 4°20 1:89 = 100. 


Assuming further the existence of chalcopyrite and deducting 
this, the formula Cu,Sb,S,=3Cu,S.Sb,8, is obtained.—Jahrb. 
Geol. Reichs., x\, 433, 1890. 

14. Diamonds in Wisconsin.—The finding of a few diamonds 
in the gold gravels of Plum creek in Rock Elm township, Pearce 
county, Wisconsin, is noted by G. F. Kunz. The stones weigh- 
ing 3, 7; and 4’; carat were specially examined. The sand con- 
tains, besides quartz grains, magnetic and titanic iron, garnets, 
monazite, etc. The diamonds are stated to have been found in 
1887 by G. H. Nichols of Minneapolis. 

15. Native Nickel of terrestrial originn—A. SELLA notes the 
existence, in the auriferous sands of the stream Elvo near Biella, 
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Piedmont, of metallic grains, of an iron-nickel. They are mallea- 
ble, strongly magnetic, and in appearance resemble native plati- 
num; the specific gravity is 7°8. An analysis by Mr. Mattirola 
showed that they consisted of nickel (and cobalt) 75-2, iron 
26°6 = 101°8, or conforming nearly to Ni,Fe. It will be remem- 
bered that grains of a nickel-iron have been recently found in New 
Zealand, and grains of nickel (oxide?) were some years since 
reported from the Fraser river sands.— C. R. cxii, 171, 1891. 

16. Index der Krystallformen von Dr. V. Gotpscumipt. Band 
Ill, Heft 4, 5, pp. 183-320.—This important work, commenced 
nearly five years ago, is nearly completed with the parts now 
issued. It has been a laborious undertaking, patiently and faith- 
fully carried through, The species here included range from 
Tantalite to Wurtzite. 


IiI. Borany Zoouoey. 


1. Recherches sur la croissance terminale de la tige des phanero- 
games, by H. Dovtior (Ann. des sci. nat. (bot.) ser. vii, tome xi, 
pp. 283-350, pls. 13-19).—The existing disagreement in regard 
to the apical growth of the higher plants is of too long standing 
to be finally settled by the unconfirmed results of any single in- 
vestigation. Each new work lends plausibility to one view or 
another; but only in the agreement of a number of observers can 
ultimate certainty be attained. It is accordingly worthy of note 
that in the work bearing the above title the author, to a great 
extent, confirms and extends the interesting observations which 
Dingler published some time ago. In the case of the gymno- 
sperms, it will be remembered, Dingler has, in recent years, stood 
alone in affirming that terminal growth takes place by the activity 
of a single apical cell. Hofmeister held this view, but from the 
time of his investigations in 1851 until the appearance of Ding- 
ler’s work in 1882, no one was able to show the presence of 
single apical cells among plants of this group, except in the 
embryonic stages. As examples of the gymnosperms Dr. Douliot 
has studied a considerable number of species from the different 
tribes and genera of the Coniferw, and also Ephedra distachya 
among Gnetacew. The Cycadacee do not appear to have been 
examined, probably owing to the great difficulty of obtaining 
material of them. In all the plants studied single apical cells 
have been more or less clearly made out. The results were espe- 
cially satisfactory in plants examined during the period of rapid 
growth, while in material collected during the resting stages the 
apical cells were much more difficult to discover, if distinguisha- 
ble at all. The figures in the plates which accompany the paper 
are, in some cases, clear; in others not very convincing. ‘The 
segments supposed to have resulted from the successive divisions 
of the apical cell are often so irregular in outline that one must 
trust entirely. to the represented thickness of the cell-walls to 
determine their limits. Among the angiosperms a large number 
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of plants were investigated with the result that the tissues are 
differentiated either from two or from three initial layers which 
arise independently, each by the repeated divisions of one of its 
cells. Among the monocotyledons there are usually two such 
initial layers, while in dicotyledons the occurrence of three is 
more common. B. L. R. 

2. Typical Elms and other trees of Massachusetts. Introduc- 
tion by Wenpett Homes, descriptive text by Lorin 
L. Dame, and illustrations by Henry Brooks; folio of 90 pp. 
with 58 plates; Boston, 1890.—While not in the narrower sense 
a scientific work this book is eminently deserving of mention here 
as containing much that is of interest to the botanist. With great 
care Messrs. Dame and Brooks have searched out, described, and 
illustrated examples of many different types of elms, maples, 
oaks, and other trees; and their work shows, in a striking way, 
what remarkable diversity of form is manifested by individuals 
of the same species. The plates, which have been excellently 
prepared by the photogelatine process, represent, in most in- 
stances, the entire tree, showing very clearly its characteristic 
habit, while a rod of given length placed near its base gives an 
easy means of judging its size. As the title would indicate, pre- 
eminence is given to the American elm, and over twenty more or 
less clearly marked types of this magnificent tree are represented. 
The introductory chapter by Dr. Holmes is a graceful contribu- 
tion to a work, which was long ago suggested by him, and which 
has been carried out thoroughly in his spirit. B. L. R. 

3. Ueber die Balken in den Holzelementen. der Coniferen ; by 
Cart MUGLER (Berichte der deutsch. bot. Gesellsch., viii, pp. 17- 
46.)—The occasional presence of slender cross-bars or “ beams” 
of cellulose in the tracheids of the Conifere was first mentioned 
by Sanio, and has since been noted by a number of observers, 
none of whom, however, have, until now, made any extended 
study of this curious phenomenon. In the present paper Miiller 
summarizes the results of a series of observations to be described 
in detail at some future time. It appears from these studies that 
such beams are of much more common occurrence than hereto- 
fore supposed. While considerably more frequent ia some species 
(e. g. Araucaria Brasiliensis and Ginko biloba) than in others, 
in none of the twenty-eight Coniferw examined were they en- 
tirely wanting. Occurring alike in stem, root, and branches they 
are to be found not only in the wood, but in the cambium and 
bast as well; and, although generally seen in the tracheids and 
sieve-tubes, they have occasionally been observed in the paren- 
chyma of the xylem and cambiform elements of the bast. 

These peculiar structures among the Conifere recall, of course, 
the similar cellulose bars occurring elsewhere (e. g. in Caulerpa) 
as well as the crystal-bearing beams described by Rosanoff. On 
grounds of their peculiar origin and development, however, 
Miiller is inclined to regard them as distinct from other similar 
structures, and suggests that they be called the beams of Sanio 
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(Sanio’sche Balken). The structures in question, which are, of 
course, not to be confused with the trabecule or wall-thicken- 
ings in scalariform ducts, extend radially through the elements 
in which they occur, and, although occasionally single, often 
recur in a great number of successive elements in the same 
radial row. Wherever such a series of beams occurs in the 
xylem, a corresponding one is to be found in the phloem, the 
two being either continuous through the cambial layer or separate, 
both ceasing at equal distances from the cambium. After describ- 
ing the occurrence and character of these beams Miiller proceeds 
to consider several of the possible ways in which they may arise. 
While other theories prove unsatisfactory, he shows by very clear 
figures that the beams are probably due to an infolding of the 
radial walls of the cambial cells. Such a fold having been formed, 
its connection with the radial wall is resorbed and the greater 
part of the fold remains as a cross-bar, or plate extending from 
one tangential wall to the other. As the cambial cell divides, the 
beam-like structure extends through both daughter-cells, and so 
arise the radial rows of beams. by further resorption the beam 
in the cambial cell gradually diminishes in size and finally disap- 
pears, which accounts for the fact that the rows are not always 
continuous from wood to bast. In regard to the mechanical rela- 
tions of the beams, Miiller finds that, during their development, 
they are stretched, but often at later stages compressed as in the 
crushing of the bast by the tension of the bark. They then be- 
come variously curved. Unfortunately no data for determining 
the physiological significance of these interesting structures have 
as yet been tound. . B, L. R, 

4, Cultures experimentales dans les Alpes et les Pyrénées. (Revue 
générale de botanique, II, pp. 513-546, pls. 20-22).—In this 
paper Professor Gaston Bonnier describes an extensive series 
of alpine cultures, which he has been carrying on for some years. 
His purpose has been to determine more accurately the influence 
of altitude upon the characters of different phanerogams, and to 
observe the limits to which variation due to this cause may ex- 
tend. In the present communication he describes merely the 
modifications of the external characters attending growth at high 
altitudes, and reserves the discussion of the anatomical changes 
for some future occasion. While his observations concerning the 
external traits contain little that will be new to anyone familiar 
with the nature of alpine vegetation, the methods employed in the 
cultures are very interesting, and might well be applied by 
American botanists so situated that they can study mountain 
vegetation. To estimate the modification which is due solely to 
altitude, it is necessary to remove so far as possible all other 
differences in the conditions under which cultures of the same 
species are made. This is not an easy task, but is of course 
essential to accurate results. No satisfactory conclusions, for 
instance, could be reached by comparing specimens transplanted 
to higher or lower altitudes with those growing undisturbed at 


q 
4 


256 Scientific Intelligence. 


their natural level; for the changes in the former would be due 
not only to altitude but in great part to the transplanting and 
acclimatization in new situations. Differences of soil, exposure, 
encroachment of neighboring plants and other such factors would 
of course introduce like inaccuracy into the results. Professor 
Bonnier’s ingenious methods of avoiding these difficulties have 
been in brief as follows: 

The root or base of a plant has been taken from a medium 
altitude and divided into two equal parts, one of which was 
transplanted to a higher altitude, the other to an equal distance 
below its original position under similar conditions of exposure. 
In this way the disturbing influence of acclimatization is lessened 
by half; while as both plants are removed from their original 
situation the effect of transplanting may be presumed to be 
equal in both cases. The plants have in all instances been placed 
in soil brought from the spot from which they were taken. The 
species selected for experimentation have been mostly such as 
were spontaneous in the regions where they were cultivated; and 
lastly no comparisons have been made until the plants have be- 
come so far acclimatized in their new situations as to bloom and 
bear fruit. Professor Bonnier has made over two hundred such 
cultures, choosing his plants from widely different orders. Some 
of the cultures were begun as early as 1884, and more than half 
were still alive at the time of writing. ‘The observed effects of 
high altitude upon the growth of phaenogams have been a smaller 
form, shorter internodes, a comparatively large development of 
subterranean parts, leaves smaller, thicker, and brighter green, 
and flowers more highly colored. Some of these traits vary di- 
rectly with the altitude, while others, as the greenness of the 
leaves, have been observed to reach an optimum at a certain 
height, beyond which the plants in these regards come more or 
less to resemble specimens growing at lower levels. Certain 
plants, as Chenopodium Bonus-Henricus, appear to undergo little 
or no modification for differences of altitude. B. L. R. 

5. Insecta ; by Atrpueus Hyatt and J. M. Arms.—Guides 
for Science Teaching, No. viii. Boston Society of Natural His- 
tory, pp. i-xxxili, 1-300, 223 illustrations, 1890.—The methods 
upon which this work is based will recommend themselves to 
students and teachers, as they furnish a philosophical account of 
the various members of the class and of the formation and inter- 
dependence of the various organs and functions of the organism. 
The characters of Thysanura represent the key to the system of 
modern classification, and the Thysanuran stock is taken as the 
primitive type from which have been derived the present sixteen 
orders of insects. A phylogenetic arrangement, illustrated 
graphically by diverging and parallel bars, expresses in a satis- 
factory way the relations of the orders, while a plane at right 
angles to the axial stock represents the surface of the earth. The 
authors conclude that the thorax is primarily a three segmented 
region, and has become modified into greater complexity by 
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secondary sutures. The concentration of the thoracic region is 
referred to the reactions from the wings and legs. In a form 
such as Pulex, in which the wings are reduced to mere scales and 
the legs developed for leaping, the thorax loses its complex 
modifications, and the rings become distinct and closely resem- 
ble the abdominal segments. c. E. B. 


IV. MiIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Fifth International Congress of Geologists.—The commit- 
tee of organization, of which J. S. Newberry is chairman, and 
H. S. Williams and 8. F. Emmons, secretaries, have recently issued 
a circular which makes the following announcements : 

The Bureau of the International Congress of Geologists has 
decided that its Fifth Session shall be held at Washington, and 
the date of the session has been fixed for the last Wednesday 
(26th) of August, 1891. 

The annual meeting of the American Association for the Ad- 
vancement of Science and the summer meeting of the Geological 
Society of America will be held in the same city during the pre- 
ceding week. 

Requests for inscription as members of the Congress should be 
addressed to the secretary’s office, 1330 F street, Washington, 
D.C. The fee for membership has been fixed at two and a half 
dollars ($2.50). The receipt of the treasurer entitles the sub- 
scriber to a member’s card, as well as to the Compte Rendu and 
other ordinary publications of the Congress. 

2, Alabama Industrial and Scientific Society.—This Society 
was recently organized at the University of Alabama with 
70 members. Its objects are the promotion of the industries of 
the State, and the furtherance of the scientific investigation of the 

roblems arising in civil and mining engineering, geology, smelt- 
ing, and the manufacture of coke. The president for 1891 is 
C. C. Cadle. The society will meet three or four times a year at 
different places in the State, for the reading and discussion of 
papers, which will afterwards be published. A meeting was held 
in Birmingham, January 28th, 1891. 

3. Transactions of the Meriden Scientific Association, vol. iv, 
1889-1890, 89 pp.—This volume contains a sketch by Rev. J. I. 
Perres, of the life and work of the Connecticut geologist, J. G. 
Percival, with a portrait ; also articles on sewage by G. L. Cooper; 
on the topographical survey of Connecticut, on geological features 
of Meriden, on Cycadinocarpus Chapinii, a fossil plant from the 
Durham shales, by Rev. J. H. Chapin; on the pre-Columbian 
discovery of America by the Northmen, by C. H. S. Davis. 

4. A Move for Better Roads, Essays on road-making and 
maintenance and road laws, for which prizes or honorable mention 
were awarded through the University of Pennsylvania, by a com- 
mittee of citizens of Philadelphia, with a synopsis of other con- 
tributions and a review by the secretary, Lewis M. Havrr; also 
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an introduction by Wi1iam H. Ruawn, Chairman, 319 pp. 
Philadelphia, 1891.—The subject treated of in this volume, as is 
shown in the above title given in full, is eminently practical and one 
demanding more attention than it has yet receiv ‘ed in this country. 

5. Die Cordillere von Mérida nebst Bemerkungen ‘ther das 
Karibische Gebirge.—Ergebnisse einer mit Unterstiitzung der 
Geographischen Gesellschaft zu-Hamburg 1884-85, ausgefiihrten 
Reise von Dr. W. Srevers, 238 pp. Vienna and Olmiitz (E. 
H6lzel)—Geographische Abhandlungen herausgegeben von Prof. 
Dr. A. Penck, Band III, Heft. 1. An extended notice was given 
in the February number (pp. 141-151) of another of the geo- 
graphical memoirs published under the auspices of Dr. Penck. 
The present volume gives the geographical and geological results 
of a year’s journey in the Cordilleras of Venzuela; a larg 
geological chart accompanies the text. 

6. Krystallographisch-Chenische Tabellen von Dr. A. Fock. 
94 pp. Leipzig, 1890 (Wm, Engelmann).—This is a convenient 
series of tables giving for the successive groups of chemical com- 
pounds, both natural and artificial, the chemical formula, crystal- 
line system, and axial ratio with the authority. It includes both 
inorganic and organic compounds. 

i. Copley Medal.—The Copley ‘medal of the Royal Society 
has been given this year to Professor Simon Newcomb for his 
researches in gravitational astronomy. 

8. Ostwald’s Klassiker der Hxakten Wissenchaften.—Leipzig, 
1890 (Wm. Engelmann), The recent numbers of this valuable 
series include the following: 

No. 17. Abhandlungen tiber symmetrische Polyeder von A. Bravais (1849). 

No. 18. Abhandlungen tiber den Speichel von C. Ludwig, EK. Becher und 
Conrad Rahn (1851). 

No. 19. Ueber die Anziehung homogener Ellipsoide; Abhandlungen von 
Laplace (1782), Ivory (180), Gauss (18'3), Chasles (1838), Dirichlet (1839). 

No. 20. Abhandlung iiber das Licht, worin die Ursachen der Vorgange bei 
seiner Zuruckwerfung und Brechung und besonders bei der eigenthiimlichen 
Brechung des islindischen Spathes dargelegt sind, von Ch. Huyghens (1678). 

OBITUARY. 


James Crott, the eminent writer on geological physics, died 
in England, December 15th, 1890. The periods of his life and 
mental progress are well shown in the chronological sequence of 
his principal and best known works. With at first, a strong 
speculative tendency as shown in the “ Philosophy of Theism,” 
he soon engaged in more exact scientific. investigations, and in 
1864 appeared his essay, “On the Physical Course of the Change 
of Climate during the Glacial Epoch.” This was followed by 
numerous papers, which in 1875 were incorporated in his well 
known work on “Climate and Time in their Geological Rela- 
tions.” An expansion of these ideas resulted in the publication of 
“ Discussions in Climate and Cosmology,” followed by “Stellar 
Evolution and its Relation to Geological Time.” His last labors 
mark a return to the field of pure philosophy, and his final work 
on the “Philosophical Basis of Evolution” presents his most 
matured ideas in speculative inquiry. 
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Dana. Third Edition, 1880. 912 pp. 8vo. $5.00.—Text-book of Geology 
by the same. 4th ed. 1883. 412 pp.12mo. $2.00.—The Geological Story 
Briefly Told, by the same. 264 pp.12mo. 1875. 


J. WiLEY & Sons, New York.—Treatise on Mineralogy, by J.D. Dana. 5th 
edit. xlviii and 828 pp. 8vo., 1868. $10.00. The 5th “subedition” was 
issued by Wiley & Son in April, 1874. (Each “‘subedition” (or issue from the 
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Introduction on Blow-pipe Analysis, by GrorGE J. BRusH. 8vo., 2d ed. 1877. 
Third Appendix to Dana’s Mineralogy, by E.S. Dana. 136 pp. 8vo. 1882. 


Dopp & Meap, New York.—Corals and Coral Islands, by J.D. Dana. 440 pp. 
8vo, with 100 Illustrations, several maps and colored plates. 3d ed., 1890.— 
Characteristics of Volcanoes, with contributions of facts and principles 
from the Hawaiian Islands, by J. D. DANA. 399 pp. 8vo. With illustrations, 
maps, ete. 1890. 
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